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The Conference is the 10th of a quadrennial series which began in Providence (USA)
in 1956 and continued in Ithaca (USA, 1961), Manchester (England, 1965), Providence
(USA, 1969), Aachen (Germany, 1973), Tokyo (Japan, 1977), Lausanne (Switzerland,
1981), Urbana (USA, 1985), and Beijing (China, 1989).

Purpose

To provide an International Forum for researchers in the field of elastic energy

dissipation in solids by ultrasonic attenuation, intemal friction, after effect, and vibration
damping.
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Topics

1. Point defects.

2. Dislocations and their interaction with lattice imperfections.

3. Phase ransformations: a) displacive transitions; b) order-disorder transitions and precipitation.

4. Hydrogen in metals and scmiconductors.

5. Oxide superconductors and fullerenes.

6. Amorphous materials and superionic conductors.

7. Ferroelectric and ceramic materials.

8. Composites and polymers.

9. Thin films.

10. Electron and phonon relaxation.

11. Grain boundaries, domain walls, and interfaces.
12. General aspects of anelasticity and mechanical properties.

13. Magneto-elastic interactions.
14. Experimental techniques, non-destructive testing, industrial applications.



PROGRAMME

G. Tecce (Chancellor of the University of Rome “La Sapienza” )

8.40
G. Salvini (President of “Accademia Nazionale dei Lincei” )
R. Cantelli (Chairman of “ICIFUAS 10" )
9.10 A. Seeger

40 years of dislocation interpretation of the Bordoni relaxation - solved and
unsolved problems.

P. Esquinazi* 01-1 R. Schaller 08-1
Internal friction and sound velocity of Influence of changing miciostucture on
polycrystals at very low temperature high temperature relaxation peaks, an
example WC-11w1%Co
10.25 Coffee break
10.45 G. Haneczock 01-2 C.M. Langton 08-2
Mechanical loss studies of oxygen- ldenlif'lcalion and characterization of
oxygen interaction in tantalum reclaimed and recycled polymers by
ultrasound attenuation
11.10 O. Florencio 01-3 D.P. Almond* 08-3
Anelastic behaviour in Nb-Ti alloys Dynamic mechanical analysis of glass
containing interstitial elements transition peaks in polymers and
) composites
11.35 H. Tanimoto 014 C. Werr* 084
Migration mechanism of self-interstitial JET: historical, physical and material
atoms in Mo after low temperature aspects
irradiation
12.00 A. Biscarini O1-5 A. Vincent 08-5
Interstitial site occupancies and hydrogen | Transient intemal damping in aluminium
transition probabilities in FCC binary based metal matrix composites
alloys: siatistical model
12.25 Lunch

* invited lectures




4 - HYDROGEN IN METALS AND
SEMICONDUCTORS

Chairman: H. Wipf

9-THIN FILMS

Chairman: S. Okuda

Four-site tunnelling of H trapped by
substitutional Zr in Nb

Lecture Room 1 Lecture Room 2
14.00 HR. Sinning* 04-1 H.G. Bohn* 09-1
Mechanical spectroscopy with hydrogen | Grain boundary sliding in thin substraie-
in intermetallic phases bonded Al-films
14.25 M. Ege 04-2 J.F.Scout 09-2
Reorientation of biatomic H-Y complexes Loss mechanisms in fine-grained
in diluted Pd/Y alloys ferroelectric ceramic thin films for ULSI
memories (DRAMs)
14.50 F. Cordero 043 O. Yoshinari 09-3

Internal friction and elasticity of V and Cr
films on Si-substrates

Coffee break
* POSTER SESSION T
1530 - ) -
Presentation Presentation Presentation
topics: 1,4 and 12 topics: 6, 8 and 9 topics: 2
Chairman: M. Levy Chairman: G. Weiss Chairman: M. Weller
Lecture room 1 Lecture room 2 Lecture room 3
17.00
VISIT TO POSTERS
18.30 (Topics 1, 2,4, 6, 8,9 and 12)
19.15 Conference Reception in Villa Caffarelli

Villa Caffarelli is a 16th
century building which,
together with the "Palazzo
Senatorio” “"Palazzo dei
Conservatori” and "Palazzo del
Museo Capitolino”, constitutes
the City Hall of Rome located
on the Capitolium Hill.

From the Caffarelli
Terrace it is possible to enjoy a
view of Rome and espccially
the Roman Forum.




TUESDAY September 7th 1993

8.50 9.00.

Announcements

Secretariat Room

§ . OXIDE SUPERCONDUCTORS
' AND FULLERENES

C‘lmmmYng;

2 - DISLOCATIONS AND THEIR
INTERACTIONS WITH LATTICE
IMPERFECTIONS

Chairman: A. Seeger

Lecture Room 1 Lecture Room 2
9.00 R.Canelli 05-1 T. Kosugi* 02-1
Oxygen diffusion and phase The problem of the Peierls potential in
ransformations in RBa;Cu;0q, , FCC metals
9.25 P.Devos 05-2 W. Ulfert* 02-2
Low temperature torsion pendulum Bordoni and hydrogen Snoek-Koster
measurements on YBCO superconductors relaxation in fcc metals
9.50 K. Fossheim* 0s-3 V.P. Kisel* 02-3
Ultrasonic anomalies and phase The dislocation-crystal defects
transitions in the Y,Ba;CuyOg and interactions at extremely low and high
Y .xCa, CayCuyOg systems temperatures
10.15

: OXIDE ESUPERCONDUCTO'

Coﬂ’ee break

*2 - DISLOCATIONS AND THEIR
EINTERACT TONS WITH LA’I‘TICE
I lMPERFECTlONS" g

Elastic after-effect study of the ferroelastic

024

F. Marchesoni

Self-organized criticality and dislocation

tetragonal-orthorhombic phase transition damping
in YBa;Cu;y0,
11.10 W. Grill 05-5 A. Riviére 02-5
Piezoelectric effect and ultrasonic High temperature internal friction in
attenuation near T¢ in single crystalline aluminium studied by isothermal
YBa;Cu;04., superconductors mechanical spectrometry
11.35 C. Hucho 05-6 S.B. Kustov 02-6
Ultrasonic investigations of dielectric The amplitude-dependent internal friction
properties of YBayCu;0 5 and dislocation inclastic strain in zinc and
aluminium single crystals
12.00 M. Levy* 05-7 H. Numakura 02-7
Superconducting energy gap in melt Internal friction due to twinning
textured YBa,Cu;O7from low field dislocations in Cu-Ge solid solution
ultrasonic measurements alloys
12.25

Lunch -




13.45 Departure for Ostia Antica

Ostia lies at the mouth of the river Tiber. It was founded by Ancus Martius, 4th King of
Rome, around 600 B.C. at the beginning of Rome's commercial, political and maritime
expansicn. Originally Ostia was a Castrum or foriificd military base housing a garrison o defend
navigation on the Tiber.

During the Rcputtican
period the Romans, afier having
consolidated their first conqueslts,
transformed Ostia into a military
port and into a real city serving
as a commercial centre for Rome.
Thus Ostia became the
emporium of Rome. Enormous
warchouses (Horrea) were built
for goods arriving from overseas.
The accumulating of goods and
wealth caused the city o grow
rapidily and luxuriously.
Magnificient palaces, rows of
shops, temples, the theatre and
the Forum were built. During
Imperial times Ostia became
more and more important until
reaching fifty thousand people
under Hadrian in 200 A.D. After
this period the city slowly
declined; by the Middle Ages it
was completely depopulated.

Today the exstensive ruins of Ostia, in a impressive park of umbrella pines and cypresses
give a remarkable idea of the domestic and commercial Roman architecture, and the way of life of
people that lived there. So during the visit you will be able to satisfy your curiosity or simply
enjoy the countryside.

| 18.30 Dinner in the University Restaurant

20.00 Historical Reviews

"Physics of Anelasticity - the Early Days"”
Chairman: K. Liicke

C. Wert: Remembrances of Clarence Zener.
A.S. Nowick: Early work on dislocations and point defects.
T.5. Ké: Development of the wrsion pendulum and the research on grain
boundary relaxation and cold-work intemal friction peak.
P.G. Bordoni: Dislocation relaxation.

Aula Magna

22.00 Concert in Aula Magna
M. Campanella (pianist) , D. Beronesi (mezzosoprano)

Organized by Prof. C. Rocca
Director General of the Ministry of Tourism and Performing Arts




WEDNESDAY September 8th 1993

8.50 9.00.

Announcements

Secrctarm Room

3 DISLOCATK)NS AND THEIR

10 ‘ELECTRON AND ?HONON

Amplitude-dependent internal friction and
plastic properties of crystals

: INTERACTIONS WITH LA'I'!'ICE RELAXATION
: lMPERFECTlONS B

s i b Y Lectare Room 2 - el
9.00 DN. Beshers 028 VD. Fil 010-1
Noniinear damping and harmonic Excitation and properties of zero sound in

generation in iron meltals
9.25 LS. Golovin 02-9 D. Maurer* 010-2
Internal friction and defect of modulus in | Unusual elastic behaviour of normal state

a-Fe based high alloyed (Cr, Mo) hidamets UPt3
9.50 S.P. Nikanorov * 02-10 P.P. Pal-Val 010-3

Low-temperature anomalies of elastic
moduli in niobium of different purity in
the normal and superconducting states

10.15

Coffee

break

ORPHOUS MATERIALS ’

G.F anlozzt"' . 07-1

G. Weiss* 06-1

10.45
Anelastic behavior of barium titanate Low energy excitations in amorphous
based ceramic materials materials - acoustic experiments and
comparison with theoretical models

11.10 K. Matsushita 07-2 K.L. Ngai* 06-2

Theoretical basis and general applicability of
Intemal friction in ceria ceramics doped the coupling model to relaxations in systems
with alkali earth metal oxides involving correlated motions: amorphous
polymers, glassy ionic conductors, precipitates
and cold worked metals (Snoek-Koster
relaxation)

11.35 YN. Wang* 07-3 H. Mizubayashi 06-3
Mechanical and dielectric loss related 10 Effect of passing electric current on the
ferroclectrics and relaxor ferroelectrics elastic properties of amorphous alloys

phase transitions

12.00 G.V. Eynatten 07-4 Y. Hiki 06-4

Change of sign of the piezoelectricity in | Anelasticity and viscosity of superionic
BaTiO3-PMMA composites with frequency conducting glasses
and temperature
12.25 Lunch




13 - MAGNETO-ELASTIC
INTERACTIONS

Chairman: D.P. Almond
Lecture Room 1

3 . PHASE TRANSFORMATIONS

Chairman: A. Rividre
Lecture Room 2

14.00

V1. Aishiis* 013-1 G. Sorge* 03-1
Magnetoplastic effect in non-magnetic Investigations of the elastic behaviour in
crystals and intemal friction the vicinity of ferroelectric phase
transitions
14.25 H. Uchida 013-2 {. Yoshida 03-2
Giant-magnetostrictive materials: thin ]
Slm formation and application to Internal friction of Fe-Mn-Si alloy
magnetic surface acoustic wave devices
14.50 L.E. Svistov 013-3 AL Korzhenevskii  03-3
Effect of high-frequency phonons on the The local phase transitions on mobile
magnetic moment of FeBO; dislocations in crystals
15.15 Coffee break
15.35 G. Huicheng 013-4 H. Shen 03-4
The ulirasonic behaviour of ferrimagnetic | Studies on pre-bainitic ransformation in
gamet YIG crystals under pressure Cu-Zn-Al-Mn alloy
POSTER SESSION 11
16.00 . . :
Presentation Presentation Presentation
topics: 5 and 10 topics: 3, 7 and 11 topics: 13 and 14
Chairman: D. Maurer Chairman: R. Schaller Chairman: E. Drescher
Lecture room 1 Lecture room 2 Lecture room 3
17.30
VISIT TO POSTERS
1 d 14
18.30 (Topics 3,5,7,10, 11, 13 an )
20.00 Conference Dinner

In an ancient Villa in
the Appia Antica area.




THURSDAY September 9th 1993

12 - GENERAL ASPECTS OF
ANELASTICITY AND
MECHANICAL PROPERTIES
Chairman: R. De Batist

Lecture Room 1

14 - EXPERIMENTAL TECHNIQUES

NON DESTRUCTIVE TESTING

AND INDUSTRIAL APPLICATIONS
Chairman: 1. Ritchie

Lecture Room 2

9.00

AV. Granato* 0O12-1 W _H. Robinson 014-1
) . . . Recent applications of high-damping
The diaclastic effect in thermodynamic hysteretic devices for the seismic
propertics of condensed matter isolation of buildings, bridges and
industrial equipment
9.25 F. Povolo 012-2 E. Drescher-Krasicka* 014-2
Influence of a distribution of relaxation Scanning acoustic imaging of residual
times in the damping of materials stresses in ceramics
9.50 G. Cannelli 012-3 M. Koiwa* 014-3
Acoustic emission and self-organized Determination of elastic constants of
criticality associated with fracture single crystals by the rectangular
processes during hydrogen precipitation parallelepiped resonance method
in Nb
10.15

Coffee break

11 - GRAIN BOUNDARIES,
DOMAIN WALLS, INTERFACES

14-EXPERIMENTAL TECHNIQUES
NON DESTRUCTIVE TESTING
AND INDUSTRIAL APPLICATIONS

Chairman: W, Benoit Chairman: . de Fouquet
: Lecture Room 1 Lecture Room 2
10.45 YM. Soifer* 011-1 W. Arnold 0O14-4
Elastic and dissipative properties of Mcasurcmcpls of inlgmal frﬁc:ion in
metals with ultrafine grain structure polycrystalline materials using laser
ultrasound
11.10 B. Cao* 0112 A. Migliori* 014-5
Internal friction associated with grain Resonant ultrasound techniques for
boundaries in Ni-Cr alloys measurements of the elastic moduli of
solids
11.35 S Kiss 011-3 B. Augustyniak 014-6
The study of intemal friction in metal- Internal stress evaluation from mechanical
metal layered materials Barkhausen effect
12.00 S. Okuda 011-4 B.C. De Cooman 0147
. ) ) N-ageing in aluminised steel sheet: an
Anclasticity of ultra-fine grained industrial application of high frequency
polycrystalline gold internal friction measurements to point
defecyinterface interactions
12.25 Lunch




14-EXPERIMENTAL TECHNIQUES
9 - THIN FILMS NON DESTRUCTIVE TESTING
AND INDUSTRIAL APPLICATIONS

Chairman: T.S. Ké Chairman: M. Koiwa
H , Lecture Room 1 Lectare Room 2
14.00 M. Wuuig® 09-4 S. Sgobba 014-8
Intemnal friction in membrancs and thin Analvsis of the anelastic creep of Al and
films two Al-Cu alloys
11 - GRAIN BOUNDARIES. 6 - AMORPHOUS MATERIALS
DOMAIN WALLS. INTERFACES
Chairman: T.S. K& Chairman: M. Kniwa
Lecture Room 1 Lecture Room 2
14.25 E. Boneuii 011-§ L. Murawski 06-5
Anelastic relaxauon structural stability Correlation between mechanical and
and trasformation in nanocrystalline electrical loss in transition metal oxide
metals and alloys glasses
14.50 X.S. Guan Ol1-6 V.A. Khonik 06-6

Nonlincar mechanical relaxation
associated with the viscous shiding of
grain boundaries

Dislocation-like relaxations in cold
deformed metallic glasses

CONCLUDING REMARKS

Lecture Room 1

Topics

1.  Point defects.

2. Dislocations and their interaction with lattice imperfections.

3. Phase ransformations: a) displacive transitions; b) order-disorder transitions and precipitation.
4.  Hydrogen in metals and semiconductors.

5.  Oxide superconductors and fullerenes.

6.  Amorphous materials and superionic conductors.

7.  Ferroelectric and ceramic materials.

8.  Composites and polymers.

9.  Thin films.

10. Electron, and phonon relaxation.

11. Grain boundaries, domain walls, and interfaces.

12. General aspects of anelasticity and mechanical properties.

13. Magneto-elastic interact.ons.

14. Experimental techniques, non-destructive testing, industrial applications.

N.B. Only the authors presenting the contribution have been reported in the Programme.



PL-1

PLENARY TALK

40 YEARS OF DISLOCATION INTERPRETATION OF THE BORDONI RELAXATION - SOLVED AND
UNSOLVED PROBLEN'S

A Seeger

ORAL CONTRIBUTIONS

1-POINT DEFECTS

O1-4

INTERNAL FRICTION AND SOUND VELOCITY OF POLYCRYSTALS AT VERY LOW TEMPERATURES
R. Konig, P. Esquinazi , D Valentin, F. Pobell

MECHANICAL LOSS STUDIES OF OXYGEN-OXYGEN INTERACTION IN TANTALUM
G. Haneczok, M. Weller, J. IDhehl

ANELASTIC BEHAVIOUR IN Nb-Ti ALLOYS CONTAINING INTERSTITIAL ELEMENTS

O. Horéncio, W .J. Botta F., C.R. Grandini, H. Tejima. J.A R. Jordzo

MIGRATION MECHANISM OF SELF-INTERSTITIAL ATOM IN Mo AFTER LOW-TEMPERATURE
IRRADIATION: I- RELAXATION PEAK

H. Tanimoto, H. Mizubayashi, N. Teramae, S. Okuda

INTERSTITIAL SITE OCCUPANCIES AND HYDROGEN TRANSITION PROBABILITIES IN FCC
BINARY ALLOYS: STATISTICAL MODEL

A Biscarin, B. Coluzzi, F.M. Mazzolai

2-DISLOCATIONS AND THEIK INTERACTION WITH LATTICE IMPERFECTIONS

02-1

02-2

023

024

02-§

02-6

02-7

02-8

02-9

DISLOCATION TUNNELING THROUGH A PINNING-POINT IN ALUMINUM
T Kosugi, D. McKay, A.V. Granato

BORDONI AND HY DROGEN SNOEK-KOSTER RELAXATION IN FCC METALS
W. Ulfert and A. Seeger

THE NATURE OF DISLOCATION RELLAXATION PEAKS IN INTERNAL FRICTION OF SOLIDS
V.P. Kisel

SELF-ORGANIZED CRITICALITY AND DISLOCATION DAMPING
F. Marchesoni

HIGH TEMPERATURE INTERNAL FRICTION IN ALUMINIUM STUDIED BY ISOTHERMAL
MECHANICAL SPECTROMETRY

A. Rivi¢re, J. Woirgard

THE AMPLITUDE-DEPENDENT INTERNAL FRICTION AND DISLOCATION INELASTIC STRAIN IN ZINC
AND ALUMINIUM SINGLE CRYSTALS

S.B. Kustov, S.N. Golyandin

INTERNAL FRICTION DUE TO TWINNING DISLOCATIONS IN Cu-Ge SOLID SOLUTION ALLOYS
H. Numakura, K. Hasegawa, M. Koiwa, h. Fukuda, R. Taniguchi and S. Tsukui

NONLINEAR DAMPING AND HARMONIC GENERATION IN IRON
V.F. Coronel, D.N. Beshers

INTERNAL FRICTION AND DEFECT OF MODULUS IN a- Fe BASED HIGH ALLOYED (Cr.Mo) HIDAMETS
1.S. Golovin
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02-10 AMPLITUDE-DEPENDENT INTERNAL FRICTION AND PLASTIC PROPERTIES OF CRYSTALS
S.P. Nikagorov, B K. Kardashev, S.B. Kustov, A.B. Lebedev

3-PHASE TRANSFORMATIONS: A) DISPLACIVE TRANSITIONS; B) ORDER-DISORDER TRANSITIONS AND
PRECIPITATION

03-1 INVESTIGATIONS OF THE ELASTIC BEHAVIOUR IN THE VICINITY OF FERROELECTRIC PHASE
TRANSITIONS

G. Sorge. U. Staube

03-2 INTERNAL FRICTION OF Fe-Mn-Si AL1OY
I Yoshida, H Ohtsuka

03-3 THE LLOCAL PHASE TRANSTITIONS ON MOBILE DISLOCATIONS IN CRYSTALS
A L. Korzhenevskii, D A [isachenko

03-4 STUDIES ON PRE-BAINITIC TRANSFORMATION IN Cu-Zn-Al-Mn ALLOY
Shen Huimin, Zhang Zhifang, Yang Yanqing, Rui Limin, Wang Yening, Shen Guangjun

4HYDROGEN IN METALS AND SEMICONDUCTORS

04-1 MECHANICAL SPECTROSCOPY WITH HYDROGEN IN INTERMETALLIC PHASES
HR. Sinning

04-2 REORIENTATION OF BIATOMIC H-Y COMPLEXES IN DILUTED Pd’Y ALLOYS
G. Hauptmann, M. Ege, W. Ulfert, H. Kronmiiller

04-3 FOUR-SITE TUNNELLING OF H TRAPPED BY SUBSTITUTIONAL Zr IN Nb
G. Cannelli, R. Cantelli, E. Cordero and F. Trequattnini

S-OXIDE SUPERCONDUCTORS AND FULLERENES

05-1  OXYGEN DIFFUSION AND PHASE TRANSFORMATIONS IN RBa2Cu30¢+x
G. Cannelli, R. Cantelli, F'. Cordero, N. Piraccim and F. Trequattrini

05-2 LOW TEMPERATURE TORSION PENDULUM MEASUREMENTS ON YBCO SUPERCONDUCTORS
P. Devos, R. De Baust, J. Comelis, F. Servaes

05-3 ULTRASONIC ANOMALIES AND PHASE TRANSITIONS IN THE Y {BayCug4Og AND
Y 1.xCaxBaCu40g SYSTEMS
Wu Ting and K. Fossheim

054 FELASTIC AFTEREFFECT STUDY OF THE FEERROELASTIC TETRAGONAL-ORTHORHOMBIC PHASE
TRANSITION IN YBa2Cu3Ox
H. Wipf, F. Brenscheidt, D. Seidel

05-5 PIEZOELECTRIC EFFECT AND ULTRASONIC ATTENUATION NEAR T IN SINGI E
CRYSTALLINE YBa2Cu307_x SUPERCONDUCTORS
T.J. Kim, E. Mohler, W. Grill

05-6 ULTRASONIC INVESTIGATIONS OF DIELECTRIC PROPERTIES OF YBa3Cu307.%
C. Hucho, D. Maurer, and V. Miiller

08-7 SUPERCONDUCTING ENERGY GAP IN MELT TEXTURED YBasCu307 FROM LOW HELD
ULTRASONIC MEASUREMENTS
M. Levy and Bimal K. Sarma
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6-AMORPHOUS MATERIALS AND SUPERIONIC CONDUCTORS

06-1

06-4

LOW ENERGY EXCITATIONS IN AMORPHOUS MATERIALS - ACOUSTIC EXPERIMENTS AND
COMPARISON WITH THEORETICAL MODELS

Georg Weiss

THEORETICAL BASIS AND GENERAL APPLICABILITY OF THE COUPLING MODEL TO RELAXATIONS
IN SYSTEM INVOLVING CORRELATED MOTIONS: AMORPHOU'S POLYMERS GLASSY IONIC
CONDUCTORS, PRECIPITATES AND COLD WORKED METALS (SNOEK-KOSTER RELAXATION)

K.L Ngai, Y.-N. Wang, L..B. Magalas

EFFECT OF PASSING ELECTRIC CURRENT ON THE ELASTIC PROPERTIES OF AMORPHOU'S ALLOYS
H. Mizubayashi, R. Takemoto

ANELASTICITY AND VISCOSITY OF SUPERIONIC CONDUCTING GLASSES

Y. Hiki, H. Takahashi, H. Kobayashi

CORRELATION BETWEEN MECHANICAL AND ELECTRICAL LOSS IN TRANSITION METAL. OXIDE
GLASSES

L. Muraws*: ¥ J. Barczynski, D. Samatowicz, O. Gzowski

DISLOCATION-LIKE RELAXATIONS IN COLD DEFORMED METALLIC GLASSES
V.A. Khonik

7-FERROELECTRIC AND CERAMIC MATERIALS

07-1

07-2

07-3

074

ANELASTIC BEHAVIOR OF BARIUM TITANATE BASED CERAMIC MATERIALS
B.L. Cheng, M. Gabbay, W. Duffy Jr. and G. Fantozzi

INTERNAL FRICTION IN CERIA CERAMICS DOPED WITH ALKALI EARTH METAL OXIDES
K. Matsushita

MECHANICAL AND DIELECTRIC LOSS RELATED TO FERROELECTRICS AND RELAXOR
FERROELECTRICS PHASE TRANSITION

Y.N. Wang, Y.N. Huang, L.S. Bai and H.M. Shen

CHANGE OF SIGN OF THE PIEZOELECTRICITY IN BaTiO3-PMMA COMPOSITES WITH FREQUENCY
AND TEMPERATURE

G.V. Eynatten, M. Bohmisch and K. Dransfeld

8-COMPOSITES AND POLYMERS

08-1

08-2

08-4

INFLUENCE OF A CHANGING MICROSTUCTURE ON HIGH TEMPERATURE RELLAXATION PEAKS, AN
EXAMPLE WC-11wt%Co

J.J. Ammann, R. Schaller

IDENTIFICATION AND CHARACTERISATION OF RECLAIMED AND RECYCLED POLYMERS BY
ULTRASOUND ATTENUATION

CM. Langton, J.B. Hull, AR. Jones

DYNAMIC MECHANICAL ANALYSIS OF GLASS TRANSITION PEAKS IN POLYMERS AND
COMPOSITES

D.P. Almond, B. Harris, O.G. Braddell, R. Hallett

JET: HISTORICAL, PHY SICAL AND MATERIAL ASPECTS
C. Wert and M. Weller

TRANSIENT INTERNAL DAMPING IN ALUMINIUM BASED METAL MATRiX COMPOSITES
C. Girard, R. Fougéres, A. Vincent




9-THIN FILMS

09-1 GRAIN BOUNDARY SLIDING IN THIN SUBSTRATE-BONDED Al-FILMS
M. Prieler, H.G. Bohn, W. Schilling, H. Trinkaus

09-2 LOSS MECHANISMS IN FINE-GRAINED FERROELECTRIC CERAMIC THIN FILMS FOR ULST MEMORIES
(DRAMs)

JE. Scott, C.A. Paz de Araujo, L.D. McMillan, M. Azuma, B.M. Melnick, and M.C. Scott

09-3 INTERNAL FRICTION AND ELASTICITY OF V AND Cr FILMS ON Si-SUBSTRATES
O. Yoshinan, T. Ohta, T. Saitoh, S. Mibu and K. Tanaka

09-4 INTERNAL FRICTION IN MEMBRANES AND THIN FILMS
M. Wuttig and C.M. Su

10-ELECTRON AND PHONON RELAXATION

010-1 EXCITATION AND PROPERTIES OF ZERO SOUND IN METALS
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40 YEARS OF DISLOCATION INTERPRETATION OF THE BORDONI
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D-70569 Stuttgart, Germany

The August 1949 issue of "La Ricerca Scientifica” contained the 12 page paper
"Teoria della dissipazione elastica nei monocristalli secondo la ~=~canica quantistica: un
nuovo effetto di rilassamento” by Piero Giorgio Bordoni of .. Istituto Nazionale di
Ultracustica "O.M. Corbino" in Rome. From the present point of view the paper is highly
remarkable in three respects. (i) It showed that after room-temperature cold-work the fcc
metals Cu, Ag, Al, and Pb exhibit at low temperatures a pronounced maximum of the
internal friction (in Cu at 90 K when the measuring frequency was f= 30 kHz), in
striking conflict with the then textbook wisdom that below room temperature the internal
friction of metals decreased continuously with decreasing temperature. (ii) It attempted a
dislocation interpretation at the time when there was no direct evidence for the existence
of dislocations and the great majority of metallurgists did not believe in them. (iii) The
paper was submitted on June 19th 1949, which compares rather favourably with the
present-day publication periods.

In 1953 the present speaker's attention to Bordoni's work was drawn by
Professor H.-O. Kneser, who had been informed about it by Professor A. Giacomini,
then the director of the Corbino Institute. Although | was pleased to see Bordoni's
attempt to explain the observed phenomenon in terms of dislocations, | had to answer in
the negative Professor Kneser's question wheter I believed the author's explanation. This
was no long after we had discovered the solitonic properties of kinks. I had realized that
the generation of kink pairs (originally called double kinks) in dislocations running
approximately parallel to Peierls valleys should give rise to relaxation processes and was
looking for such a process. In discussions with E. Kroner it became clear that the
relaxation phenomenon observed by Bordoni might be the searched-for process. Since at
the time | was busy in writing the chapter on crystal imperfections in the Encyclopedia of
Physics, 1 did not publish this explanation in a separate paper but put it in the
Encyclopedia, where it appeared in print in 1955. Although many other explanations
were proposed (among them one by W.P. Mason at about the same time as the kink pair
explanation), the kink-pair interpretation is the only one which has stood the test of time.
One difficulty of the theory, namely that in metals different Peierls barriers exist and that
therefore several kink-pair relaxation mechanisms should be observed, was soon
removed by the discovery of a second relaxation maximum at lower temperatures by
Niblett and Wilks.

The kink-pair generation mechanism accounts for the main properties of the
Bordoni and Niblett-Wilks masima (as well as for a third internal-friction maximum at 11
K [f= 53 kHz] recently discoveres by Kosugi and Kino in cold-worked high purity Al)
in a straightforward manner. Tuite a number of secondary features, however, require
rather refined explanations, the quantitative development of which is still going on (cf.
the conference paper by Ulfert and Seeger). In spite of substantial recent progress there
are a number of questions for which a quantitative theory is still missing. Perhaps the
most important of these are problems related to tunnelling processes. Since the kink mass
is at most of the order of magnitude of a few hydrogen masses, tunnelling will become
important at low temperatures. Arguments will be presented that this should be taken into
account when discussing the apparent discrepancy between the low-temperature flow
stress of high purity fcc metals and the Peierls stress for dislocations parallel to <100>
directions as deduced from the Bordoni relaxation.
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INTERNAL FRICTION AND SOUND VELOCITY OF POLYCRYSTALS AT VERY LOW
TEMPERATURES
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With the vibrating-wire technique we have extended our investigations of the sound velocity and of the intemal
friction of polycrystalline NbTi, Ta and Ag to measurements of these acoustic properties on Nb, Nb with Cu-
matrix, Al, Pt and further samples of NbTi. The temperature and frequency ranges of our measurements were
004 mK <T<1Kand03kHz <v <8kHz The polycrystalline samples NbTi, Ta, Nb and Al in the supercon-
ducting state as well as normal conducting Pt show quantitatively the same behavior with similar strain depen-
dence as it is observed for amorphous, dielectric materials . When the acoustic intensity is of the order of the
ihermal energy non-linear effects are observed. In particular, in the non-linear regime (T < 50 mK) and after a
rapid change of the sample temperature we have found that the sound velocity depends logarithmic on time.
The glass-like anomalies can be understood assuming the existence of tunneling systems with a broad spectrum
of energy splitting and relaxation rates.
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MECHANICAL LOSS STUDIES OF OXYGEN-OXYGEN INTERACTION IN TANTALUM

G. Haneczok! M. Weller' J. Diehl*

(1) Institute of Physics and Cbemisu'{(of Metals, Silesian University,
Bankowa 12, PL-4007 Katowice, Poland
(2) Max-Planck-Institut fiir Metallforschung, Institut fir Werkstoffwissenschaft,
SeestraBe 92, D-7000 Stuttgart 1, Germany

Mechanical loss measurements of tantalum doped with various amounts of oxygen
(300 to 600 at.ppm) were carried out in the Hz and kHz-range. The experimental data
obtained in this way show the following: (i) The mean activation enthalpy calculated from
the frequency shift of the Snoek peak does not depend on oxygen content and is H, =
1.10 eV. (ii) The peak temperature of the Snoeck maximum shifts slightly towards higher
temperature with increasing oxygen content. (iii) The Snock maxima are broadened and
this broadening increases with oxygen content.

These facts indicate that the interaction between (:;y en atoms dissolved in Ta is
long range in nature and can be described in the frame ¢ random rative strain
interaction (RCSI) model, as it was demonstrated recently for the system Nb-O (1,2}
The analysis of the experimental data by applying the RCSI model gives the following
results: (i) The activation enthalpy of the oxygen Snock relaxation in tantalum is H =
1.09 eV which is a good agreement with H,. (i1) The critical temperature T, charac-
terizing the oxygen-oxygen interaction in Ta is proportional to the square root of the
oxygen concentration and varies from 70 K for 320 at.ppm up to 260 K for 6000 at.ppm.

[1] M. Weller, G. Haneczok, J. Diehl, phys.stat.sol.éb; 172, 145 219923
2] G. Haneczok, M. Weller, J. Diehl, phys.stat.sol.(b) 172, 557 (1992).
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O1-3
ANELASTIC BEHAVIOUR IN Nb-Ti ALLOYS CONTAINING INTERSTITIAL ELEMENTS

O. Floréncio!, WJ. Botta F.2, C.R. Grandini3, H. Tejima!, J. A .R. Jord3o!

(1) Departarentc ae Fis.ca, “nivers: iiic f3d val qe <3q Carlics
caixa pestal €76, 13.243-900 C13 Curics - ©T Qrae.n )
(2) Departamento de Engennar:a de Miter, ..o, U‘.;z:‘r:‘2.1'1_!;~V:;«;;10v*1l G2
Sdo Carlos, caixa postal (¢, 1270.-. .1 I15 Farisos-gp 5r3£~\w o
(3) Departarento de Fis:ca, Universiialds fatiiga) Faizllsta“
calxa pcstal 473, 17043-I. Zaaru-F%, EBras:l ’
Me\:als containing solute atoms dissclved :interstitially often show
anelastx.c behaviour due to a process knzwn as stress-induced orderi‘ng
One manifestation of this anelastic behavizur is the internal friction:

which was originally okserved by Snoek. Ihe arelasticity has its cause
in 'the stress-induced migraticn of 1nterstitial atoms in octahedral
positions of bcc lattices.
Internal friction nmeasurerents as a func<ol

been performed in a Mb-48wt% Ti heat trented urnier different conditions
These values were obtained in the termncerature 1n312 btetueen 250K arv;l
700K, using a torsicn pendulur of the ir.erted ?‘.C—-:ype, applying Aa
heating rate of 1K/min, at a pressure near 19 '‘rkar ard oscillation
frequenc_:y of about 3.5Hz. These data made it possible to obtain spectra
of multiple anelastic relaxation as a functicn cf temperature which were
resolved into elemental interactions. The fcllowing metal-interstitial
1pteractions were identified: Nb-O (42CK), Nk-N (541K}, Ti-0 (467}()‘
Ti-0-0 ‘(495}(), Nb-0-0 (443K) and Ti1-C-C-0 (323K). The anelasticl:
relaxation parameters, heigth of the internal friction peak, peak
temperaturgs and activation energy were calculated for each of the
process using Debye’s elemental peaks.

n of temperature have

O1-4
MIGRATION MECHANISM OF SELF-INTERSTITIAL ATOM IN Mo AFTER LOW -
TEMPERATURE IRRADIATION: |- RELAXATION PEAK

H. Tanimoto, H. Mizubayashi, N. Teramae, S. Okuda

Institute of Materials Science, University of Tsukuba, Tsukuba, Ibaraki 305, Japan

The behavior of self-interstitial atom (SIA) in Mo has been investigated by many
researchers using various experimental methods and several models have been proposed.
However, no models succeed in explaining all the experimental results: Based on the
anelastic studies after low-temperature irradiation, two- (2DM) or three-dimensional
migration (3DM) of <110>-split SIA is proposed. On the other hand, the one-dimensional
migration (1DM) of SIA is proposed to account for the characteristic feature of the void
lattice formation after heavy irradiation at elevated temperatures. This paper deals
with the relaxation peak associated with SIA to clarify the migration mechanism of SIA.
Part II will deal with the dislocation pinning associated with free-migration of SIA.
Whether <110>-SIA can rotate during free-migration or not is the heart of the controver-
sy between 3DM and 2DM or 1DM models. 3DM requires that the relaxation peak due to the
rotation of <110>-SIA (SIA-peak) should be found large enough to explain the strong
anisotropic strain field around <110>-SIA estimated from Huang scattering. Very recent-
ly, we found that the strength of SIA-peak per unit concentration of Frenkel-pair (Cpp)
tends to increase with decreasing Cpp, suggesting that SIA at low Cp undergoes 3DM. To
pursue this issue further, we performed the internal friction measurements of Mo after
low-temperature irradiation for (pp range from 0.1 to 54 ppm. SIA-peak here is ob-
' served at 41 K for 500Hz. The strength of SIA-peak per unit Cpp was found to increase
strongly with decreasing Cpp below 10 ppm. The extrapolation to lower Cpp gives the
relaxation strength expected from Huang scattering at around 0.01 ppm. This result
i suggests for Cpp < 0.01 ppm, all <110>-SIA’s undergo 3DM. With increasing Cpp, presum-

ably the fractional ratio of the <110>-SIA undergoing 3DM decreases rapidly and the
remains migrate without rotation. We surmise that the latter behavior is due to the
interaction between SIA's.

| .



INTERSTITIAL SITE OCCUPANCIES AND HY DROGEN TRANSITION PROBABILITIES IN FCC

O1-§

BINARY ALLOYS: STATISTICAL MODEL
A. Biscanni, B. Coluzzi, F.M. Mazzolai

Department of Physics, University of Perugia, Perugia, ltaly

Several interstitial sites can be energetically distinguishable in a binary alloy, depending
on the composition and the atomic arrangement within the nearest and more distant shells of
neighbours, therefore, it is of relevance to know which type of sites are occupied by H and D
in binary systems. In the last few years we have calculated the probabilities for octahedral site
occupancies and for O - O transitions in random fcc alloys. In view of the complexity of the
problem, attention was confined to the lowest energy octahedral sites, which were only
distinguished one from the other on the basis of the chemical composition of their first
coordination shell of neighbours. In these investigations, the probability of finding an
octahedral site of a certain type next to a site of given type have been calculated toghether with
the transition probability factors.

In the present work the calculations are extended to include tetrahedral site occupancies,
blocking effects and different atomic arrangements within the first coordination sheil of
neighbours. Explicit expressions are derived for the probabilities of reonientational transition of
the H elastic dipoie, which are of major interst for anelastic studies of metal-hydrogen systems.




e

02-1
DISLOCATION TUNNELING THROUGH A PINNING-POINT IN ALUMINUM®

T. Kosugi, D. McKay, A.V. Granato

Physics Department
University of Illinois
1110 West Green Street
Urbana , lllinois 61801-3080 USA

Dislocation tunneling is often invoked as the source of anomalous mechanical behavior at
low temperatures. But there is little convincing evidence for it. Measurements of the stress
amplitude necessary for a given magnitude of decrement as a function of temperature have
been found 10 measure the interaction of a dislocation with a single pinning point in
relatively pure matenials at low temperatures. Classical rate theory predicts the 2/3 power
dependence of stress amplitude on temperature observed. In eariier measurements down to
1.6K, no deviations arising from quantum mechanical tunneling were found in Cu, Al, or
Pb. In more recent measurements down 10 0.6K, we have found no convincing evidence
for dislocation tunneling in either the normal or superconducting state in Al-50 ppmAg, Al-
20 ppm Cu, Al 25 ppm Mg, and zone refined (ZR) Al. However, in our most recent
measurements on ZR Al in the superconducting state down to 0.2K, we finally find a
definite flattening of the temperature dependence, which provides strong evidence for
dislocation tunneling through a pinning point.

*Supported by the National Science Foundation through grant NSF DMR 90-08469

02-2
BORDONI AND HY DROGEN SNOEK-KOSTER RELAXATION IN FCC METALS

W._Ulfert and A. Seeger

Max-Planck-Institut fir Metallforschung, Institut fur Physik, Heisenbergstr.1,
D-7000 Stuttgart 80, Germany

It is now generally accepted that the Bordoni relaxation is caused by thermally acm;lated kmk‘-::a;; ::::;n
tion and kink migration on dislocation lines under the action of external stress. The parle§e1tl e ot
interstitial atoms may reduce the kink mobility. In the limit of strong kink—interstiti: 1;11' fied o Bigher
determined by the diffusivity of the interstitial atoms. As a consequence, the re:laxatflon 11; iv i e od with
temperatures. This process has been followed experimentally by 1n~s:tu”loadmg1 o ::p -ca.(:xr ¢ btained
hydrogen. These experiments have shown that the hydrogen Snoek—Koster relaxa c‘lc'ml 2D e rvolved
from the Bordoni relaxation in this way and that information on the character of the disloca

can be derived in this way. ) .
Inspite of the success of t);)e theory, a number of open questions remain, some of w(linch l:iouldi ;::t:t;‘gu::
clarified. The linear kink density in thermal equilibrium, Ay, has been recalculate l,('tad n‘g e i of
so-called geometrical kinks as well as the existence of a Peierls Potentnal.of the 2nd )In L et the
the Paré condition based on the diffusion theory of the kink-pair formation is g'werl)]. tiss ot geomet.
expression for the relaxation time  derived by Seeger (1981) continues to hold in tbe prfselflor oL geome
rical kinks and internal stresses if the dislocation length between unsurmountable obstac e: - en:i ex;ce
replaced by an effective length, L. In particular, the prediction of an unusual t.em;:oera(me"t‘!)_‘premains
of 7, at low temperatures determined by r o (AY)~? and at high tefnperatures by 7 x pé ) ax;d by the
valid. It is shown that this prediction is borne out both by the experimental data on pure
above-mentioned experiments on hydrogen-loaded cold-worked Pd.
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02-3
THE NATURE OF DISLOCATION RELAXATION PEAKS IN INTERNAL FRICTION OF SOLIDS

V.P. Kisel

Institute for Solid State Physics, Russian Acad. of Sci.,
142432 Chernogolovka, Moscow distr., Russia

The work deals with the effect of shear stress s,stress rate 8§ (10 ' to 10°
MPa/sec), temperature (T=1,3 to 1023 K), impurity state and concentration
(IC), predeformation e on the macrodeformation e and microdeformation

(mean free path 1 and mean number n of mobile dislocations, mean
pathlength L and width 4 of slip bands, mean density N of dislocations per
8lip band and density S of slip band sources) in NaCl single crystals. It
appears that the conditions sl,n,L,N,s,d(s'T'eo'Ic) = const se(é,T,eo,IC) are

fulfilled, where sl,n,L,N,s,d,eare the deforming stresses at 1l,n,e,L,N,S,d are
constant. The same similarity of si(é,T,eo,IC) - depemr—dences (at internal
friction microdeformation i is constant) with s(s,'r,eo, IC)-curves in dif-

ferent cryctals demonstrate the common character of the mechanisms of micro-
and macrodeformation and work-hardening in sg]}ids. The extremely low estima-
tes of the Peierls stress in solids (8,<10 "to 10 G, G is the shear

modulus) imply the new explanation of the Bordoni relaxation. This and
other relaxation peaks in internal friction of solids are explained by the
congservative and non-conservative motion of <cross-slip 3jogs and kinks
through the stress fields of the second phase nanoprecipitates and other
matrix defects like it was done in the author's works on the temperature yi-
eld stress anomalies in the same crystals.

02-4
SELF-ORGANIZED CRITICALITY AND DISLOCATION DAMPING

F. Marchesoni #-*

(1) Dipartimento di Matematica e Fisica, Universita' di Camerino, 1-62032 Camerino (lwaly)
(2) Istituto Nazionale di Fisica Nucleare, Sezione di Perugia, 1-06100 Perugia (ltaly)

The relaxation dynamics of a dislocation network is modelled as a self-organized critical (SOC)
process. We assume that in the presence of either a rather strong tensile stress, or significant lattice
interactions, the dislocation network re-arranges itself at or close to a critical state. Adding a small
perturbation stress causes self-adjusting depinning cascade events at all length and time scales.
Contrary to the classic vibrating-string model, no strss scale separation between hysteresis and
resonance loss is allowed in a SOC state. Under very general assumptions (conservation and
isotropy). finite values for the low frequency damping are obtained, in agreement with recent
experimental observations.



02-§
HIGH TEMPERATURE INTERNAL FRICTION IN ALUMINIUM STUDIED BY ISOTHERMAL
MECHANICAL SPECTROMETRY

A. Riviere, ). Worgard

Laboratoire de Mécanique et Physique des Matériaux, URA CNRS n° 863,
ENSMA - POITIERS - FRANCE

Isothermal mechanical spectrometry experiments (10 Hz - 100 Hz) were carried out on strain hardening
aluminium samples after recovery annealings ranging between 300 K and 700 K.

For lower annealing temperatures (until 480 K) internal friction spectra exhibit only a low frequency
background. Above 480 K, a relaxation peak stands out progressively against the background.

This peak corresponds to the traditionnal K, peak. Its height first increases for annealings below 580 K
and then decreases above that temperature : the relaxation parameters undergo large changes after successive

annealings.

The peak is attributed to dislocation segment motion in dislocation pile-ups created by the strain
hardening and modified by recovery annealings.

02-6
THE AMPLITUDE-DEPENDENT INTERNAL FRICTION AND DISLOCATION INELASTIC
STRAIN IN ZINC AND ALUMINIUM SINGLE CRYSTALS

S.B. Kustov. S.N. Golyandin
A.F.loffe Physico-Technical Institute Russian Academy of Sciences,
Politechnicheskaja 26, St.Petersburg., Russia
The aim of this work was to study mechanisms, controlling ADIF and
microplastic behavior in hcp and fcc metals. The direct observations of
reversible dislocation inelastic strain in 5N Al and 99.997 Zn single crystals
simultaneously with amplitude-dependent internal friction (ADIF) measurements
have been performed for compression tests at room temperature for strain

amplitudes higher than 10 6 at frequencies 0.01-2.0 Hz. The experimental data
were analyzed taking into account cyclic dislocations motion over short- and
long-range obstacles [1].

The comparison of the dependencies of inelastic strain on stress amplitude
and prestrain for Al with those for 2n, oriented for basal slip, confirmed
that dislocations interaction controls inelastic strain at low frequencies in
ADIF range. The strong evidence for Kressel’s-Brown model of dislocation
hysteretic motion through the internal stress fields [2] was obtained.

The significant amplitude hysteresis or time dependence of ADIF was found
for Zn samples at low strain amplitudes. This phenomenon was attributed to
moblile pinning points redistribution in glide planes of mobile dislocations.
The experimental study of the shape of this distribution was carried out.

Stress-inelastic strain hysteretic loops (HL) of Granato-Liicke (G-L) type
were observed for starting loading cycles at the lowest strain amplitudes in
aged Zn samples. After few cycles of loading this G-L type HL transformed to
HL, corresponding to unlocalized friction model. The conclusion was made that
observation of G-L type HL is due to dislocations tearing through the cloud of
moblle pinning points rather then dislocation loops breakaway.
1.S.N.Golyand!in,S.B.Kustov. Fiz.Tverd.Tela (Sov.Phys.Sol.State), 1992, 34,N12
2.H.Kressel ,N.Brown. Dislocation Dynamics, McGraw Hill, 1968,p.337.




02-7
INTERNAL FRICTION DUE TO TWINNING DISLOCATIONS IN Cu-Ge SOLID SOLUTION
ALLOYS

H. Numakurg' K. Hascgawa‘,'M. Koiwa‘. H. Fukudd R. Tamguchn’and S. Tsuku®

(1) Department of Metal Science and Technology, Kyoto University, Kyoto 606-01, Japan
(2) Research Institute for Advanced Science and Technology, University of Osaka Prefecture.
Sakai, Osaka 593, Japan
* Present address: Advanced Technology Research Center, NKK Corp., Kawasaki 210, Japan

Copper-based primary solid solution alloys are known to exhtbit deformation twinning at room tem-
perature. When such alloys, e.g., Cu-8 at.% Ge, are subjected to a loading-unloading cycle in a tensile test, a
hysteresis loop is obs~ived in the stress—strain curve; the pseudoelastic effect is believed to be due to
reversible motion of twin boundaries. We have studied anelastic behaviour of Cu-Ge alloys by low-frequency
internal friction measurements. Charactenistic internal friction is observed in deformed specimens, which
increases linearly with temperature in the range from 80 to 280 K and falls rapidly above 300 K. The depen-
dence of the magnitude of the internal friction on the solute concentration and the degree of deformation is
similar to that of the pseudoelastic effect. Therefore, the internal friction is ascribed to local oscillatory motion
of twinning dislocations. The internal friction disappears completely by electron irradiation after deformation.
This suggests that the origin of the internal friction is the motion of individual dislocations.

02-8
NONLINEAR DAMPING AND HARMONIC GENERATION IN [RON

V.F. Coronel, D.N. Beshers

Henry-Krumb School of Mines, Columbia University
New York, NY 10027, USA

We report here data obtained at high strain amplitudes under
a saturating magnetic field using the same specimens, both annealed
and deformed, for which the amplitude dependence at zero field has
been reported previously. The damping data, when presented in
Granato-Liicke (GL) plots, show (a) for the annealed specimens two
linear segments and (b) for the deformed specimens curves with no
significant straight segments. Harmonics of order 2 to 5 wers
observed. For the annealed specimens, the 3rd harmonic showed a
remarkable sharp dip at a strain amplitude about 1.7 x 10%, a
little below the break in the GL plot. These results will be
discussed in terms of the GL breakaway model and the Higata-Elbaum
theory of harmonic generation by vibrating dislocations. The
latter, based on bowout without breakaway, predicts that edge and
screw dislocations should emit 3rd harmonic with opposite phase,
offering a possible explanation of the cancellation. A synthesis
of the breakaway and bowout models will be attempted.



02-9

INTERNAL FRICTION AND DEFECT OF MODULUS IN a- Fe BASED HIGH ALLOYED (Cr,Mo)
HIDAMETS

LS. Golovin

Moscow Instrument-making Institute, Strominka 20, Russia.

Amplitude and temperature dependent internal friction (ADIF and TDIF)
and defect of modulus (ADDM and TDDM) of few ferritic materials (x-Fe,
xFe-Cr, o Fe-Mo, « Fe-Cr-Mo) were investigated in the range of temperature
-190...830°C, deformation 107..10° and frequency 1Hz-21kHz.

With the help of different mechanical tests, magnetic and structure
investigations of the influence of annealing temperature (to 1300°C) of cold worked
samples on the structure formation, properties and parameters of IF and DM of
ferritic steels was provided. Considering the non-linear character of energy of
deformation of ferrite, the analys of the influence of different types of crystalline
structure defects on domain walls movement and magnetomechanical energy losses
was carried out.

Possibilities of low-temperature treatment (T < T, were shown from the
point of view of damping. Peculiraties of influence of decomposition in Fe-Cr system
on non-elastic properties were investigated. Taking mechanism of appearing of
microplastic deformation as the base, the influence of preliminary deformation in
the range 107..10' on ADIF of was analysed.

02-10
AMPLITUDE-DEPENDENT INTERNAL FRICTION AND PLASTIC PROPERTIES OF CRYSTALS

S.P. Nikanorov, B.K. Kardashev, S.B. Kustov, A.B. Lebedev

A.F.Ioffe Physico-Technical Institute Russian Academy of Sciences
St.Petersburg, 194021, Russia

A review of works on combined investigations of micro- and macroplastic
behavior of fcc lonic crystals, metals with fcc, bcc and hep structures at
ultrasonic frequencies ( approx. 100 kHz) and under quasistatic loading at 4.2
-300 K, and at frequencies 0.01-1 Hz is presented. Three types of experiments
are discussed: 1) low frequency reversible dislocation strain in amplitude-
-dependent internal friction (ADIF) range (1], 11) temperature dependences of
yleld stress and micro-yleld stress, defined from ADIF (2], 111) measurements
of acoustoplastic effect ( APE ) in situ during plastic flow under quaslistatic
load [3}. The APE is shown to occur only in amplitude-dependent region of
damping. The similarity law between the temperature dependences of micro- and
macroyield stress is found to hold well for all the data available. It gave
the possibility to conclude that the same barriers may control the dislccation
mobility both under vibrational stress in ADIF experiments and under the
quaslistatic one at the onset of the plastic flow.

The study of low-frequency reversible dislocation strain in ADIF range
served an intermediate step from quasistatic plasticity and fatique tests to
sonlc and ultrasonic study of ADIF. The direct observations of inelastic
dislocation strain enabled us to make a decision on the validity of different
ADIF models and to draw a conclusion that ADIF in general can be described in
terms of basic macroscopic features like strain hardening due to reversible
dislocation motion, thermally activated and athermal overcoming of short-range
obstacles. Fach of these mechanisms seems to be dominant for different
frequency, amplitude and temperature ranges.

1. S.N.Golyandin,S.B.Kustov. Fiz.Tverd.Tela(Sov.Phys.Sol.State),34,N12 (1992).
2. A.B.Lebedev,S.B.Kustov. Phys.Stat.Sol. (a), 116, 645 (1989).
3. B.K.Kardashev,S.B.Kustov,A.B.Lebedev,S.P.Nikanorov. J.Mech.Beh.Mat. (1993)
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03-1
INVESTIGATIONS OF THE ELASTIC BEHA VIOUR IN THE VICINITY OF FERROELECTRIC
PHASE TRANSITIONS

G. Sorge, U. Straube

Martin-Luther-Universitdt Halle-Wittenberg, Fachbereich Physik,
0-4020 Halle/Saale, Germany

Measurements of the complex elastic properties of crystals belong to the traditional and the
most important investigations of ferroelectric phase transitions. The temperature dependence of
elastic stiffness (c;) and compliance (s,) coefficients, their dependence on external mechanical
stresses and fields as well as the acoustic damping are of special interest. A fairly new branch of
investigations consists in the determination of nonlinear elastic coefficients and the elastic
properties at low frequencies. The experimental methods will be shortly summarized. The
discussion of these methods involves the comparability of different methods, the influence ot
experimental boundary conditions and the applicability of some methods.

Starting from established theories a survey of anomalies of elastic coefficients in the vicinity
of ferroelectric phase transitions for proper, pseudoproper, weak and incommensurate modulated
ferroelectrics will be given. These results will be compared to experimentally obtained data. New
trends in the investigation of elastic properties concern cluster and glass like behaviour in some
ferroelectrics and will be considered too.

03-2
INTERNAL FRICTION CF Fe-Mn-Si ALLOY

L. Yoshida! H. Ohtsuka*

(1)Department of Materials Science, Iwaki Meisei University
Iwaki, Fukushima 970 Japan
(2) Advanced Materials & Technology Research Laboratories,
Nippon Steel Co., Ltd., Kawasaki, Kanagawa 211 Japan

Anelastic measurements in the low frequency range have been made on an Fe-based
recently developed shape memory alloy, Fe-28Mn-6Si-5Cr. Specimens had been quenched
from an austenitic region. By the resistivity measurement martensitic transition
temperatures were determined as Ms = 283K, As = 368.7K., A, = 401K,

On cooling, two internal friction peaks were observed, one at 275K and the other at
238K. These peaks were associated with a frequency change. On heating the lower
temperature peak at 238K was observed again but the higher temperature one at 275K
disappeared. On heating further another sharp peak was observed at 405K, which clearly
corresponded to the inverse transformation to austenite. This internal friction peak
was associated with a frequency drop, not with a frequency minimum as reported on non-
ferrous shape memory alloys such as NiTi or CuAlNi. By repetition of cooling and heating
cycle the above behaviours were reproduced, but each peak height decreased gradually.

When the specimen was austenitized at 1273K and cooled down slowly, both peaks at
275K and at 238K on cooling disappeared and a very flat low peak centred at 205K was
observed. This specimen showed no peak at all on heating from 120K up to the room
temperature, but a sharp peak at 400K was observed.

Internal friction peaks observed in Fe-Mn-Si shape memory alloy are considered to
correspond to martensitic phase transformation and are similar to those observed in
other shape memory alloys, but frequency behaviours are quite different from them. No
sharp frequency minimum was observed.




03-3
THE LOCAL PHASE TRANSITIONS ON MOBILE DISLOCATIONS IN CRYSTALS

A.L. Korzhenevskit, D.A. Lisachenko

Electrical Engineering Institute, 197376, Saint-Petersburg, Russia

Although the importance of defect structures in mechanical and
acoustic properties is undoubted and the role of defects in local phase
transitions (LPT) is commonly recognised, the martensitic LPT on mobile
defects remains quite unexplored.

In our recent works we have found out the general principles of LPT-
induced microplasticity and examined several particular cases.

The basic idea is the great change of the line tension of disloca-
tions caused by the nucleating of the new phase on them ("coating").
This "coating" is mobile in contrast to the Cottrell clouds, and the
character of motion of "coated" dislocations is changed. The kinetics
of the 1-st order LPT on mobile dislocations is now to be considered.

We focuse our report on our new results concerning the martensitic
LPT-induced dislocation anomalies and kinetics of LPT on mobile
defects.

03-4
STUDIES ON PRE-BAINITIC TRANSFORMATION IN Cu-Zn-Al-Mn ALLOY

Shen Huimin! Zhang Zhifang! Yang Yanqing? Rui Limin? Wang Yeningf Shen Guangjun®

(1) Institute of Solid Microstructure Physics and Department of
Physics,Nanjing University,P.R.China
(2) Electron Microscope Laboratory of Analysis Center,Southeast
University,Nanjing,P.R.China

Tbe behavior of the pre-bainitic transformation in the Cu-Zn-Al-Mn alloy
was investigated by using internal friction(Q-!) measurements and TEM. The
results show that there always exists an internal friction peak near 1900C
at 1.4 Hz showing the characteristc of the relaxation peak with activation
energy of 1.23 eV. The half width of the peak is roughly 1.2 times broader
?han that of a Debye peak calculated for a single relaxation time. The peak
is believed to be associated with the segregation of solute atoms before

the fo?mgtion of orthorhombic 9R bainite, which was confirmed by the
C?mp081t10n measurement and the high-temperature transmission electron
microscope (TEM) observation, and then the 9R bainite nucleates

martensiticglly in depleted regions of solute atoms in the Bz phase. The
Fransformatlon processes mentioned above were also confirmed in isothermal
internal friction and TEM experiments.




04-1
MECHANICAL SPECTROSCOPY WITH HYDROGEN IN INTERMETALLIC PHASES

H.R. Sinning

Institut fiir Werkstoffe, Technische Universitat Braunschweig, D-38023 Braunschweig, Germany

After a brief survey of previous work on the hydrogen reonentation relaxation in intermetallic phases with
amorphous as well as crystalline structures - including own experimental (CoZr,, NiZr;, NiTiy) and theoretical
(C16 phases) results - some examples are shown which demonstrate the specific sensitivity of this type of
relaxation as a probe to study details of the host materials.

In nanocrystailine materials prepared by crystallization of metallic glasses, the local structure of the grain
boundaries can be compared with that of the original amorphous phase by means of the H-induced relaxation
parameters. The general result is that these two structures are indeed very similar. However, there are some
differences in the H concentration dependence of the respective damping peaks in CoZr; possibly indicating that
the degree of disorder is slightly larger in the grain boundaries than in the amorphous phase.

Again in ColZr;, it is shown that the structure of the amorphous phase contains local correspondences with
two crystalline phases of the same composition (the metastable E93/NiTi,-type and the stable C16/CuAl,-type
phases), depending on whether the probe is located within a pure Zr neighbourship at low or closer to the Co
atoms at higher H concentrations.

In addition to these examples showing the suitability of "mechanical hydrogen spectroscopy” as a local probe
with atomic-scale sensitivity, the method may also be used on a more empirical level for characterizing
microstructures and phase transformations.

04-2
REORIENTATION OF BIATOMIC H-Y COMPLEXES IN DILUTED Pd/Y ALLOYS

G. Hauptmann, M. Ege, W. Ulfert, H. Kronmiiller

Max-Planck-Institut fir Metallforschung, Institut fiir Physik, Heisenbergstr.1,
D-7000 Stuttgart 80, Germany

The reorientation of bistomic H-Y complexes in hydrogen-doped di}uted Pdigo-<Yx dlgya (x_=1, 2', 4.5,8)
has been studied by means of internal friction in an inverted torsion pendulum and in a vibrating teed
apparatus, . ' )
A;;preponed eaglier [1] the IF of E-doped diluted Pdjoo~,Yx alloys shows three maxima that are ideatified
as Zener peak, reorientation peak of biatomic H-Y complexes tnd Snoek-Kogter peak. The width of the
teorientation peak exceeds that of a single Debye maximum and increases with the Y content as well as
with the H content of the sample. For a fixed H content the maximum shifts to higher temperatures if the
Y content of the alloys increases, whereas for fixed Y content there is a ohift to lower temperatures caused
by increasing H content. o . '

The measutred reorientation peak can be fitted by & superpasition of De.bye maxims using 2 constant
pre-exponential factor and spectra of activation enthalpies for the relaxation times. The analysis of the
H-content dependence of the relaxation strength yields a value of |A, ~Aj= 0.03'6 for the elastic anisotropy
of the biatomic H-Y complexes. The activation parameters for the relaxation time of the reorientation of
an isolated complex are 0.18 eV and 3:10"'% s, _, . o

The properties of the activation-enthalpy spectra can be interpreted in terms of a mode| taking into account
the elastic long-range interaction between Y atoms in the vicinity of an B-Y complex and the complex

itself.
1) G.Hauptmann, W.Ulfert and H.Kronmiiller, Materisls Science Forum, 1903, Vol.119-121, 109
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FOUR-SITE TUNNELLING OF H TRAPPED BY SUBSTITUTIONAL Zr IN Nb

G. Cannelli!, R. Cantelli!, F. Cordero? and F. Trequattrin; !

(1) Universita di Roma “La Sapienza”, Dip. Energetica, Via Scarpa 14 I-00161 Roma, Italy
(2) CNR, Istituto di Acustica "0.M. Corbino”, Via Cassia 1216, I-00189 Roma, Italy

We measured the elastic energy dissipation of NbZro.oos«sHx Single crystals excited with
extensional and torsional vibrations along their [100) and [111) directions. The dissipation
below 40 K is due to the redistribution of H trapped by Zr within tunnelling states, and
consists of two components. One is a small peak near 2 K whose height immediately saturates
with the H concentration and which appears only under [100] extensional and [111) torsional
vibrations. The major component extends up to 40 K and has a similar but less marked
dependence on the vibration type. Such a dependence of the relaxation strength on the applied
stress allows to distinguish between different tunnelling geometries. It is shown that it is
exactly as expected from four-site tunnelling near the substitutional impurity, whereas
two-site tunnelling can hardly explain it.
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OXYGEN DIFFUSION AND PHASE TRANSFORMATIONS IN RBa;Cu3O¢.x

G. Cannellil, R. Cantelli!, F. Cordero?, N. Piraccini! and F. Trequattrini!

(1) Universita di Roma "La Sapienza", Dipartimento di Energetica,
Via Scarpa 14 I-00161 Roma, Italy
(2) CNR, Istituto di Acustica "0.M. Corbino”,
Via Cassia 1216, I-00189 Roma, Italy

The w®moSt relevant results from.anelasticity experiments on ABa;Cuj;O¢.x are reviewed and
new results are produced. The dissipation curves of RBaCuiOs.x Present several peaks over
the whole temperature scale, both of thermally activated nature and associated with phase
transformations. Most of the peaks have been correlated with the various possible motions of
the mobile O atoms in the CuOx planes. The processes with higher intensities and activation
energies should be due to long jumps involving significant reorientation of the elastic
dipole, whereas some of the smaller peaks with lower activation energies are explained in
terms of the hopping and ordering of the O atoms within off-centre positions in the Cu-0
chains. Emphasis is put on the phase transformations observed around 100-150 K, to which
little attention has been devoted up to now. New measurements at the lowest O

stoichiometries confirm the hypothesis of an extraordinarily high mobility of the isolated O
atoas.

05-2
LOW TEMPERATURE TORSION PENDULUM MEASUREMENTS ON YBCO
SUPERCONDUCTORS

P. Devos!-2, R. De Batist!, J. Comelis?, F. Servaes2

(I)University of Antwerpen, RUCA, Institute of Materials Science (IMS),
(2) Middelheimlaan 1, B-2020 Antwerpen, Belgium
VITO, Materials Division, Boeretang 200, B-2400 Mol, Belgium

The mechanical damping spectrum observed below room temperature in
YBCO superconductors of various stoichiometries and microstructures is
characterized by a fairly rich collection of absorption peaks. In spite
of intense research efforts, the precise microscopic mechanisms for these
peaks have not yet been established beyond doubt.

In the present work, an attempt is made to try correlating some of
these below room temperature damping peaks with specific microstructural
features of the material, such as oxygen rearrangement, twin boundaries,
phase boundaries, etc.
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ULTRASONIC ANOMALIES AND PHASE TRANSITIONS IN THE Y ,Ba,Cu,Ox AN
Ca,Ba;CuyOg SYSTEMS HCHOsANDY 1

Wu Ting and K. Fossheim

Institute of Physics,
The Norwegian Institute of Technology,
University of Trondheim, Trondheim, Norway

Ultrasonic measurements were performed as a function of temperature in single phase Y,Ba,Cu,O, and in
Y, ,Ca,Ba,Cu,0, ceramic systems. Specific heat measurements were also performed in the latter case. In the pure
Y124 material a pronounced dissipation peak accompanied by a velocity increase was observed at about 260
K. We propose it is caused by the formation of an antiferroelectric or ferroelectric phase associated with
ordering of oxygen atoms in some off-center positions. Below 200 K a thermal hysteresis develops with no
corresponding anomaly in attenuation. The area of the loop seems to be determined by the percentage of pore
volume and by grain size. A reversible defect model is proposed to explain this behaviour. In the Ca-substituted
material a distinct anomaly due to a phase transition is demonstrated to occur at 150 K in the entire available
;:ngdc_ of sstsn:;muuon x=0.025 t0 0.1, both in sound velocity, attenuation and specific heat. Possible explanations

¢ discussed.

05-4
ELASTIC AFTEREFFECT STUDY OF THE FERROELASTIC TETRAGONAL-ORTHORHOMBIC
PHASE TRANSITION IN YBa;Cu;0,

H. Wip(, F. Brenscheidt, D. Seidel
Institut fiir Festkorperphysik, Technische Hochschule Darmstadt, W-6100 Darmstadt, Germany

The tetragonal-orthorhombic phase traasition in YBayCuzO, is the result of a redistribution of
oxygen atoms between two differently oriented types of sites in the CuO (or Cu(l)) atomic plane. In
the symmetry-breaking orthorhombic phase, the two types of sites are commonly called O(1) and O(5)
sites, respectively. The redistribution of the oxygen atoms, and thus the phase transition, is stress-
sensitive as a consequence of the orthorhombic lattice distortion in the case of a preferential occupation
of one of the two types of sites. This means that YBayCugO, samples exhibit a ferroelastic behavior
with an anelastic susceptibility (relaxation strength) that diverges in the neighborhood of the tetragonal-
orthorhombic phase transition.

We carried out elastic aftereffect measurements to investigate the ferroelastic behavior of sintered
YBa,Cujy0, samples. The measurements were performed in the temperature range between 100 and
150 C and with various oxygen concentrations z (6.25 < r < 6.95). The experiments demonstrated an
enormous increase of the elastic susceptibility (or relaxation strength) in the neighborhood of the
tetragonal-orthorhombic phase transition at r~6.4. The time dependence of the anelastic relaxation
characterizes the jump rate of the oxygen atoms between the two types of sites in the CuO plane. The
measured time dependence can be described by a wide spectrum of relaxation times with activation
energies centered around ~ 1 eV. The comparison with literature data for the self diffusion coefficient
of the oxygen shows that oxygen jumps between the two differently oriented types of sites in the CuQ
plane represent the rate determining step in long-range oxygen diffusion.
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PIEZOELECTRIC EFFECT AND ULTRASONIC ATTENUATION NEAR
T -~
CRYSTALLINE Y Ba»Cu304., SUPERCONDUCTORS ¢ INSINGLE

T.J. Kim, E. Mohler, W. Gnli

Physikalisches Institut, Johann Wolfgang Goethe-Universitit
Robert-Mayer-Str. 2-4, D-W6000 Frankfurt am Main 11, Federal Republic of Germany

The attenuation of ultrasonic waves in single crystalline high-T, YBa,Cu;0
T, a pronounced peak is observed for the longitudinal c“-mgode.C The 2exis::enzgt’.: g?sab;?:zo“;?es:trﬁ- d? ;
high-T, superconductor has been confirmed in the temperature range from 4 to 280 K in a pulse-eche
't;_l:easomc measurement employing an YBa;Cu30,, crystal as a transducer for the longitudinal ¢ -mode0
he peak near T for the absorption of the ¢ -mode can be explained by a model taking into acg?)um the
piezoelectric properties of the material and a treatment of the electron gas according to Drude theory ©

OS5-6
ULTRASONIC INVESTIGATIONS OF DIELECTRIC PROPERTIES OF YBa,;Cu304 4

C. Hucho, D. Maurer, and V. Miiller

institut [ﬁr Experimentalphysik, Freie Universitat Berlin,
Arnimallee 14, D-1000 Berlin 33, Germany.

Amongst its high superconducting transition temperature one of the
most surprising findings in YBa,Cu307-s is the existence of piezo-
electricity even in the superconducting state. Therefore, the inversi-
on symmetry must be destroyed in the 123-compound below a certain
temperature. Furthermore, piczoelectricity indicates that a close relati-
onship between lattice distortions and the electric polarizability might
exist. Hence, the basic question arises whether or not YBa;Cu;0+_¢
also becomes ferro-/antiferroelectric because since the early days of
superconductivity it is believed that there is a possible link between
high-T, superconductivity and the formation of a spontaneous electric
polarization. It is shown that both the elastic properties and the sound-
induced electromagnetic fields give clear evidence for the formation of
an electrically polarized state above T..
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SUPERCONDUCTING ENERGY GAP IN MELT TEXTURED YBa,Cu3;0; FROM LOW FIELD
ULTRASONIC MEASUREMENTS

M. Levy and Bimal K. Sarma

Physics Department, University of Wisconsin-Milwaukee, Milwaukee, WI 53201, USA

It appears to be possible to determine the superconducting energy gap and its temperature
dependence in the domain boundaries of melt textured YBa,Cu,0, from velocity and attenuation
measurements in low magnetic fields. Both attenuation and velocity increase at the penetration field of
such a sample. The increase in velocity is proportional to the seperation betwee the vortex lines at this
field. The increase in attenuation is praduced by a relaxation type of interaction. Quasi-particle
relaxation across the superconducting energy gap are produced as the oscillating vortex lines leave behind
quasi-particles in the normal core and encompass quasi-particles in the ground state. If a fraction of the
relaxation time associated with this process is related to electron-phonon interaction then the temperature
dependence of the inverse of the relaxation time yields a BCS superconducting energy gap temperature
dependence.

This work was supported by the Office of Naval Research.
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LOW ENERGY EXCITATIONS IN AMORPHOUS MATERIALS - ACOUSTIC EXPERIMENTS
AND COMPARISON WITH THEORETICAL MODELS

Georg Weiss

Institut fur Angewandte Physik, Universitat Heidelberg, Germany

At low temperatures, many properties of amorphous solids are dominated by low energy excitations
with a wide spectrum of energies below a few Kelvin. These excitations are absent in defect free crystals
and they are believed to be caused intrinsically from the irregular structure of the material. It is widely
accepted that their origin is the tunneling motion of atoms or small clusters through the barrier between two
adjacent potential weﬁs. Depending on the theoretical model, the required broad spectrum of arbitrarily
small energy splittings of the thus formed two level systems can have different reasons. According to the
tunneling mod‘:rl anf the soft potential model the distribution of eiiergies comes from the distribution
of parameters describing the double well potentials, whereas in more recent theories a strong phonon-
mediated coupling between tunneling systems is invoked. All these models claim to explain the universal
thermal properties of amorphous solids, however only the first two of them are developed far enough to

- predict also dynamical properties, e.g. the acoustic behaviour, which seem to be more decisive.

In this paper, the most important and characteristic predictions of the tunneling model for the
temperature dependence of sound attenuation and velocity are reviewed and compared with experimental
results. Special attention is given to recent vibrating reed experiments on vitreous silica. Moreover, some
results on vapour condensed amorphous films, namely mixtures of noble gases and the amorphous metal

AuSn, will be presented. These films were studied with surface acoustic waves at 300 MHz.

06-2
THEORETICAL BASIS AND GENERAL APPLICABILITY OF THE COUPLING MODEL TO
RELAXATIONS IN SYSTEMS INVOLVING CORRELATED MOTIONS: AMORPHOUS
POLYMERS, GLASSY IONIC CONDUCTORS, PRECIPITATES AND COLD WORKED METALS
(SNOEK-KOSTER RELAXATION)

K.L. Ngai!Y.-N. Wang? L.B. Magalas?

(1) Naval Research Laboratory, Washington, D.C. 20375-5320 USA
(2) Nanjing University, Nanjing, China
(3) Academy of Mining and Metallurgy. PL-30059 Cracow, Poland

The coupling model proposed more than a decade ago for the description
of relaxations in complex correlated systems by one of us (KLN) have been
shown repeatedly to be applicable to amorphous polymers, viscous liquids, the
glassy state, metallic glasses, glassy ionic conductors and etc. In these
examples it is rather obvious that the relaxing species are dense packed and
mutually interacting. As a consequence, the correlations (i.e. cooperativity)
between them have a strong influence on the relaxation dynamics, and that is
one of the reasons why the coupling model is successful in describing their
relaxations. The applicability of the coupling model to metal physics
including precipitates and the Snoek-Koster relaxation is less obvious but
has recently been justified and demonstrated to be relevant by one of us
(YNW). In this presentation we shall discuss the theoretical ba§is of the
coupling model, and show very recent neutron scattering experiments and
molecular dynamics that have provided direct evidence to support it. A few
examples of applications of the coupling model to problems that we believe
are of interest to participants of ICIFUAS-10 will be elaborated. Additiqnal
experimental data and analyses will be presented to support our contention.
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EFFECT OF PASSING ELECTRIC CURRENT ON THE ELASTIC PROPERTIES OF AMORPHOUS
ALLOYS

H. Mizubayash:, R. Takemoto

Institute of Materials Science, University of Tsukuba, Tsukuba, Ibaraki-305, Japan

Recently for various amorphous alloys, C“so“so- Cu502r50 and (Cu3 Zrm)92 sAlg ¢ (a-CuTi,
a-CuZr and a-CuZrAl, hereafter), we found that both the structural relaxation (SR) and
crystallization can be enhanced under passing electric current (PEC) of current density,
iy, of about 10 A/cmz, and that the observed effect on SR suggests an enhancement of
eiectromigration through some collective motion involving many atoms. Apart from the
effect of PEC, recent diffusion studies also report a collective motion of many atoms in
a-alloys. At low temperatures bglov SR, for the elastic property of a-CuTi and a-Culr
for the strain amplitude &,¢<3x10™°, we found that with increasing €4, the resonant flex-
ural-vibration frequency, }, of the reed-specimens increases showing a saturation, sug-
gesting that the constituent inelastic strain, € i, shows an increase which is followed by
a saturation. This reversible inelastic behavior can be explained as the atomic-bond-
orientational-anisotropy (ABOA) under stress proposed by Egami. These facts remind us
that the reversible ABOA may be expected under PEC at low temperatures below SR.

In the present paper, we investigated the effect of PEC on f and the internal fric-
tion, Q°, for a-alloys, mainly a-CuZrAl, by means of the vi?rating-reed technique. To
remove joule heat due to PEC, the measurements were made in 10°PaHe. The specimen temper-
ature showed, however, a small increase under PEC, which was separately calibrated. It is
noted that after the calibration, both f and Q" remain unchanged for crystalline metals
in the present range of id55x10 A/cm®, and in contrast, they show a clear change in a-
alloys: For a-CuZrAl at room temperature, with increasing iy, f increases and Q! de-
creases slightly for *ow iy and almost linearly for iﬁ beyond about 2x10 A/cmz, e.g., f
increases by 2X and Q " decreases by 40% at 14=5x10°A/cm”, respectively. Both the f vs. i
and the Q'l vs. i4 data remain unchanged for the repetition of measurements in the present
igrange. The very similar results are also obs_elarved at 80K, suggesting that the atomic
processes responsible for the changes in f and Q * under PEC is athermal.

06-4
ANELASTICITY AND VISCOSITY OF SUPERIONIC CONDUCTING GLASSES

Y. Hiki! H. Takahashi? H. Kobayashi2

(1) Applied Physics Group, Faculty of Engineering, Ibaraki University,
Nakanarusawa, Hitachi 316, Japan
(2) National Research Institute of Metrology, AIST, MITI,
Umezono, Tsukuba 305, Japan

The dynamical mechanical properties of (Agl),(AgP03);-, (z = 0—0.5 ) superionic conducting glasses
have been investigated from the room temperature to the glass transition temperatures (Tg = 360 -420 K).
The viscoelastic behavior of the material was especially noted, and was studied by shearing a specimen
and observing the time dependence of the shear strain using an optical method. The principle of the
measurement is as follows. The lower and upper faces of a cubic specimen are bonded to fixed and movable
testing plates, and a constant shearing load is applied to the upper plate. The lateral displacement of
the plate is recorded by using the HP-5528A laser measurement system utilizing the optical heterodyne
interferometric method. The sensitivity of the displacement measurement is 10 nm. It can be shown that
the mode of deformation of the specimen is nearly pure shear.

The time dependence of the shear strain of the specimen was observed under constant shearing load
(stage I), and then after the load was removed (stage 11I). In stage II, the anelasticity (mechamc'al relax-
ation) is observed. In stage I, the viscosity (irreversible time-dependent deformation) is accompanied with
the anelasticity. The experiments were performed for specimens with diflerent compositions at various
temperatures. The data were analyzed by adopting a mechanical model of standard linear solid + vis-
cous solid; and the viscosity, the anelastic relaxation time, and the anelastic modulus were determined.
The viscosity and the anelastic modulus decrease slowly and then rapidly as the temperature is increased
up to the glass transition. The temperature dependences are systematically altered when the specimen
composition z is gradually changed. The anelastic relaxation time is, however, almost independent of
temperature for all kinds of specimens. The relation between the present experimental results and the
superionic conductivity of the material is now being considered.
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CORRELATION BETWEEN MECHANICAL AND ELECTRICAL LOSS IN TRANSITION METAL
OXIDE GLASSES

L. Murawski, R.J. Barczynski, D. Samatowicz, O. Gzowski

Faculty of Applied Physics and Mathematics
Technical University of Gdarisk
80-952 Gdarisk, Poland

Internal friction and dielectric loss measurements have been performed on oxide iron
phosphate glasses.

The internal friction in iron phosphate glasses containing different glass modifiers has
been studied in the temperature range from 120 K to 700 K using low frequency torsion
pendulum. The dielectric loss were investigated by two independent methods: the absorption
current method and AC transformer bridge.

The internal friction spectra exhibit the low temperature peak that can be related to
the electron transfer between iron in different valency states. It is confirmed that the
dielectric loss peak and DC conductivity revealed a similar activation energy as internal

friction peak.

The obtained data have been interpreted in the framework of a new model of
relaxation in glasses that has been recently proposed by Hunt [A. Hunt, J. Non-Cryst. Solids,
144 (1992) 21]. Its basic concept is the transition of relaxation process from local (parallel)
at high frequencies through semi-local at intermediate frequencies to strongly non-local at low
frequencies. This theory applied to internal friction and electrical loss data yields to
consistent process parameters.

06-6
DISLOCATION-LIKE RELAXATIONS IN COLD DEFORMED METALLIC GLASSES
V.A. Khonik

State Pedagogical Institute. Lenin Str. 86 Voronezh, 394611 Russia

Inhomogeneous (localized) deformation of metallic glasses
{MG) results 1n a number of specific anomalies of low temperature
(30<T<300 K) anelastic properties which are almost identical to
that in predeformed crystalline metals.

Internal friction (IF) temperature dependences of as-cast MG
have no peculiarities. The main feature of anelastic behaviour of
cold-worked MG consists in the presence of large internal friction
peak in the range 220 s Tpeaks 280 K (at frequency = 300 Hz). The
IF peak is observed only in weakly predeformed samples (by 2+4 %),
disappears after large predeforming (by 5+15 %) and can be comple-
tely suppressed by electron irradiation. In the as-cast state IF
is amplitude independent. Predeforming results in strong amplitude
dependence and at T<150+180 K IF is mainly hysteresis. Homogeneous
viscous deformation has no effect on low temperature IF.

It is concluded that inhomogeneous deformation results in
appearance of new, non-characteristic for as—cast state dislocati-
on-like defects which determine the observed anelastic anomalies.
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ANELASTIC BEHA VIOR OF BARIUM TITANATE BASED CERAMIC MATERIALS

B.L. Cheng!, M. Gabbay, W. Duffy JFand G. Fantozz:

G.EM.P.PM, INSA Lyon, Bitiment 502, 69621 Villeurbanne Cedex, France A
(1) Department of Physics, South China University of Technology, Gugngz.l'lou $16041, China
(2) Department of Physics, Santa Clara University, Santa Clara, California 95053, USA

The internal friction (Q-1) and Young's modulus (E) of BaTiO3-based ceramics were rr}easurgd versus
temperature from 170 K to 420 K. Rectangular bars of the materials were driven electrostatically in flexural
vibration at a resonance frequency of about 3 kHz.  The curves of Q- }(T) and E(T) allow the study of the
three following phase transformations: rhombohedral to orthorhombic (about 200 K), orthorhombic to
tetragonal (about 270 K), and tetragonal to cubic (about 395 K). Only the first three phases are ferroelectric,
the cubic phase is paraelectnic. . A _

The curves of Q-!(T) and E(T) have been obtained on non-doped ceramic and on ceramics doped with
several concentrations of niobium and cobalt. These same dopants are currently used for the manufacture of
capacitors , in order to achieve low dielectric loss and to limit the variation of permittivity in the temperature
range -55° C to +125° C. These dopants inhibit grain growth during sintering, and thz_mtragnnular diffusion of
the dopants is limited to the periphery of the grains. The resulting heterogeneous microstructure, c:alled the
"core-sheil” structure, leads to a distribution of the phase transition temperatures.  Thus, the variations of E
and Q-] are considerably attenuated by the presence of the dopants. The influence of the polarization on the
variation of internal friction with temperature is also studied. The appreciable Qlin the fenoclech phases
is associated with domain wall motion; the internal friction is substantially less in the paraelectric phase.

07-2
INTERNAL FRICTION IN CERIA CERAMICS DOPED WITH ALKALI EARTH METAL OXIDES

K. Matsushita

ISIR-SANKEN Osaka Univ. 8-1 Mihogaoka, Ibaraki, Osaka 567, Japan

Ceria and 5 mol% of alkali earth metal oxide powder were mixed in EtOH by ball milling and the
mixed powder was fired at 1273 K for 3 hours in order to make solid solution of ceria and alkali
carth metal oxide. The calcine powder was crashed by a mortor. And then, the crashed calcine

der were fired to make specimens at 1673 K for 6 hours in an air. Measurements were made on
internal friction and electrical conductivity in temperature range of room temperature to 700K.
Internal friction and electrical conductivity were measured as a function of temperature and frequency
by the flexural vibration and complex impedance method, respectively. Internal friction has minimal
value at room temperature and reaches the maximum at about 450K in all samples, with increasing
temperature. The intensity and half width of internal friction peaks are affected strongly with the
ionic radius of alkali earth metal ion as a dopant. Internal friction peaks have a multiple relaxation
time. The peak intensity of of ceria ceramics, doped with calcium ion, was the strongest and the half
width of that was the largest out of the samples. On the other hand, the peak intensity of ceria doped
with magnesium ion was very weak and the half width of that was narrow. Electrical conductivity is
related to the internal friction peak intensity. Internal friction and electrical conductivity depended on
local strain due to difference of ionic radius between cerium ion and dopant ion. Internal friction
peak mechanism and clectrical conductivity will be discussed from the point of view of the local
strain in the vicinity of the dopant oxygen ion vacancy pair.
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MECHANICAL AND DIELECTRIC LOSS RELATED TO FERROELECTRICS AND RELAXOR
FERROELECTRICS PHASE TRANSITION

Y.N. Wang, Y.N. Huang, L.S. Bai and H.M. Shen

National laboratory of Solid State Microstructures,
Nanjing University, Nanjing 210008, P.R.China

Mechanical and dielectric loss are measured for both KRDP and TGS near

T¢ in kHz range. A loss peak (P2) appears at several degrees below Tc, and
the peak position moves to higher temperature as frequency increases, but
the relaxation time does not obey the Arrhenius relation. Further studies
indicate that this peak s associated with domain walls. With taking
account of the rapid change of order parameter, domain wall density, the
mobility of domain walls and the interaction among the walls with
temperature near below Tc¢, the P2 peak can be explained successfu'ly.

Moreover, there is also a similar but broader loss peak at several

degrees below Ta for relaxor ferroelectrics, but the analysis of tue
dissipation with Debye eguation is known to yield erroneous results for
both the activation energy and the pre-exponential factor. With taking
account of the dynamics of domain walls near T developed above and the
correlation among the micro-domain moments, and by using the ccupling model
proposed by Ngai et al to relaxors, the calculated mechanical and
dielectric loss of relaxors are in accordance with the experimental data

fairly well.

07-4
CHANGE OF SIGN OF THE PIEZOELECTRICITY IN BaTiO3-PMMA COMPOSITES WITH
FREQUENCY AND TEMPERATURE

G.V. Eynatten, M. Bohmisch and K. Dransfeld

Fakultit fir Physik, Universitit Konstanz, 7750-Konstanz Germany

It is still an open question why poled ferroelectric polymer films like PVDF, - contrary to fully crystalline fer-
roelectrics -, have a strong but negative piezoelectric constant d,;. It has been argued theoretically that the pie-
zoelectricity in only partially crystalline materials originates from a complicated interaction of small lamellar
crystals with their amorphous surroundings. Since the pure crystalline phase by itself is not experimentally ac-
cessible, these :_heories, however, are not yet confirmed. Here we present a very clear and simple model-sub-
stance for the piezoelectric behaviour of these semicrystalline materials: Small crystallites of BaTiO, being em-
bedded in an amorphous matrix of PMMA. The composite filmes having a thickness of approx. 30 u and con-
taining a volume fraction of 30% of BaTiO, particles were poled at temperatures higher than the Curie-tempera-
ture for the ferroelectric phase transition of BaTiO; by an electric field of 4SMV/m. The change in thickness of
the films when applying an electric field was measured by interferometric means. Though crystalline BaTiO,
allone has a positive piezoelectric constant these composite films show a strongly negative piezoelctricity at low
frequencies quite similar to PVDF. At higher frequencies (> 10 kHz), however, the sign of the piezoconstant
changes to become positive. This behaviour and also its measured temperature dependence will be explained by a
simple theoretical model. According to this model it should be possible to design a hetorogeneous artificial
material, that has a piezoelectric constant predetermined sign and magnitude.
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INFLUENCE OF A CHANGING MICROSTUCTURE ON HIGH TEMPERATURE RELAXATION
PEAKS, AN EXAMPLE WC-11wt%Co

J... Ammann, R. Schaller

WC-11wt% Co cemented carbide exhibits a relaxation peak at about 950 K in the 1 Hz frequency
range. Though the apparent relaxation parameters are unusually high: 2.5 10 7 eV for the activation energy
and 1035 Hz for the limit attempt frequency. Moreover, the apparent activation energy increases with the

temperature and superignposed to the relaxation peak, an extra damping is detected which is due to the
heating or cooling rate ('?1 cffects).

These phenomena can be interpre:ed by an evolution of the microstructure during the intemal friction
measurements. Effectively, taking into account the microstructural modifications, it is possible to modify the
classical equation for dislocation dam.ing in order to predict the shape of the associated relaxation peaks.
Generalization of this approach can supply a method for analysing the damping peaks which present non

classical characteristics.

08-2
IDENTIFICATION AND CHARACTERISATION OF RECLAIMED AND RECYCLED POLYMERS
BY ULTRASOUND ATTENUATION

C.M. Langton!, J.B. Huli2, A.R. Jones?

(1) School of Science, Sheffield Hallam University, UK
(2) Mechanical & Manufacturing Engineering, University of Bradford, UK

Ultrasound attenuation analysis has been demonstrated to be a rapid, reliable and cost-cffective method of
identifying and characterising polymeric materials and components, which can assist in the separation and
reclamation of thermoplastics from polymer waste streams. A combination of the broadband ultrasonic

atenuation (BUA) and transit time for an ultrasonic pulse, in either pulse-echo or transmission modes, can

be combined to attain a signature of the material under investigation. The HL (Hull/Langton) Index is

independent of component dimensions, and hence is a powerful tool for the identification of components of

complex shape where access to all surfaces may be restricted. We have demonstrated the ability to identify
a wide range of polymeric materials, and the level of contamination in reclaimed materials. In house
recycling of polymers by material processors is of panticular concem due to the possibility of multiple
recycling of base materials resulting in increased material contamination, and hence, degradation of
component properties.
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DYNAMIC MECHANICAL ANALYSIS OF GLASS TRANSITION PEAKS IN POLYMERS AND
COMPOSITES

D.P. Almond, B. Hams, O.C. Braddel, R. Hallet
School of Materials Science, University of Bath, Bath BA2 7AY, UK.

Dynamic mechanical analysis (DMA) is currently of considerable interest for investigating transitions
and other behavioural changes in polymeric solids and in composites based on them. As part of a study of
the effects of the surface treatment of carbon fibres, we have attempted to use the method as means of
providing information on structural changes occurring at the interface between fibres and matrix or the
associated interphase. In order to attempt a quantitative approach, we first analysed the shape of the glass
transition loss peak in the plain epoxy thermoset resin that formed the composite matrix in terms of a
power law rather than the conventional Arrhenius or Williams-Landel-Ferrv models, and were able to
show that the power law was able to describe the loss peak satisfactorily both from the mathematical and
philosophical points of view. These preliminary results were presented at ICIFUAS-10.

Since then we have used the same methods to analyse the behaviour of thermoplastic polymers like
PMMA and polycarbonate, and have found, quite unexpectedly, that the same model. with almost
identical fitting parameters also describes the shape of the Tg peak in these matenials, despite their very
different structural character.

We have also analysed the shapes of the main loss peaks in epoxy resins containing carbon fibres
surface treated by electro-polymerisation and plasma polymerisation methods in order to modify the
interface and, in consequence the load transfer characteristics of the composite. The power law function
for the plain resin could be fitted with very little modification to the loss peaks of composites with both
treated and untreated fibres, despite the substantial effect of the carbon fibres on the stiffness of the
material and despite the fact that the surface treatments brought about marked changes in the interfacial
shear strength of the composite material. We are therefore led to doubt claims that DMA is a sensitive
method for studying these effects.

08-4
JET: HISTORICAL, PHYSICAL AND MATERIAL ASPECTS

C. Wert! and M. Weller?

1) University of Illinois, Urbana, IL, 61801, USA
(2) Max-Planck -Institut fir Metallforschung, Institut fir Werkstoffwissenschaft,
. SeestraBe 92, D-7000 Stuttgart 1, Germany

Jet is a fossil hydrocarbon found in scattered locations throughout the world. It has
the chemical compesition of a sub-bituminous coal, but is singularly free of mineral
inclusions common in coals. Consequently it does not weather in a moist atmosphere. For
this reason, and because it carves well and takes a high polish, it is useful in the makin
of jewelry. Indeed, it has been used for jewelry at least as long as amber has been useJ i
Ice-Age relics of jet have been found near Stuttgart, apparently made from material
found in the Posidonia Shale of Lias ¢. Old carvings have been found in England and
Scotland, largely made from jet found in Yorkshirs. .

We have secured samples from the Holzmaden shale, from the Yorkshire mines and
from the desert SW of the USA. Using internal friction measurements in the Hz range, we
have determined that each jet has a characteristic mechanical loss sgectrum with varyin
loss maxima a, 8, and 7. Thus they differ greatly in "polymeric" character, even thou
they have nearly the same overall chemical composition. relaxation parameters of
B-maximum were determined from low frequency forced vibration measurements (10'3
Hz - 10Hz) as H = 0.47 eV, 7 = 1.6x10°1%,
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TRANSIENT INTERNAL DAMPING IN ALUMINIUM BASED METAL MATRIX COMPQSITES

C. Girard, R. Fougéres, A. Vincent

G EMPPM. URA CNRS 341, INSA de Lyon, F69621 Villeurbanne Cedex FRANCE

This paper aims at describing the properties of the transient low frequency internal damping (1 D) that
has been observed in various aluminium based microheterogeneous materials : Al-12.8%Si alloy with large
spheroidized silicon precipitates, Al reinforced with 12 vol% of SiC particles, 7075Al alloy with 15 vol®% of
SiC particles.

L.D. has been investigated by measuring the logarithmic decrement of the freely decaying oscillations of
a torsion pendulum, in the temperature range 550-50 K.

On cooling the specimen, the I.D. spectrum, &T), is characterized by a broad poorly defined maximum,
whose magnitude and position, in the range 100-200K, depend on the tested material. Moreover, the I.D_level
is increased with increasing the cooling rate or decreasing the frequency or the amplitude of oscillation. Finally,
in most cases the 1.D.spectra &T) measured cn heating exhibit again a2 maximum but show a rather different
behaviour with respect to cooling : for all microheterogeneous materials the low temperature side of the
spectrum is strongly lowered, but conversely the high temperature side is enhanced Moreover, in the case of
the 7075-SiC composite, there is no more maximum on heating.

It is proved that these phenomena are linked with the presence of particles because the unreinforced
materials do not exhibit such a phenomenon.

Finally, the phenomena are interpreted qualitatively in terms of emission and movement of dislocations
that could be induced, during the .D. measurement, by the variation of internal stresses around particles due to
the thermal expansion mismatch between the aluminium matrix and particles in the various investigated
microheterogeneous materials.
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GRAIN BOUNDARY SLIDING IN THIN SUBSTRATE-BONDED Al -FILMS

M. Pricler. H.G. Bohn, W. Schilling, H. Tnnkaus

Institut fir Festkorperforschung, Forschungszentrum Jilich, D-5170 Jilich, Germany.

The internal friction of thin substrate bonded Al and Al-alioy films has been found to be significantly
different from that observed for buik Al. In particular the activation energy of the underlying relaxation
mechanism was found to be that of grain boundary diffusion for the thin films in contrast to that of
volume diffusion for the bulk material. Though the technique has already successfully been applied to
characterize various aspects of these metal films /1,2/, the microscopic mechanisms leading to the
anelastic behavior were poorly understoed.

We report on a systematic study of the influences of film thickness, grain size, film/substrate interface,
dopant atoms in the Al-films, and different stress modes in the substrate on the anelastic relaxatiof
spectrum. It will be concluded that the underlying relaxation mechanism both in bulk and thin-film Al
is grain boundary sliding where the apparent difference between the two cases is due the difference in
grain size which is about three orders of magnitude.

1. H.G. Bohn and C.M. Su, Materials Science Forum 119-121, 273 (1993); C.M. Su and H.G. Bohn,
Materials Science Forum 119-121, 285 (1993) .
2. H.G. Bohn and C.M. Su, Mat.Res.Soc.Symp.Proc.Vol. 239, 215 (1992).
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LOSS MECHANISMS IN FINE-GRAINED FERROELECTRIC CERAMIC THIN FILMS FOR ULSI
MEMORIES (DRAMs)

LE. Scott!, C.A. Paz de Araujo?, L.D. McMillan3, M. Azuma?, B.M. Melnick3, and M.C. Scott3

(1) Faculty of Applied Science, Royal Melbourne .
Institute of Technology, Melbourne, Vic.,_Austra;la
(2) Dept. of Electrical and Computer Engineering, Univ.
Colorado, Colorado Springs, CO (USA), 80933-7150
3) Symetrix Corporation, Colorado Springs, CO 80918
4) Matsushita Electronics Corp., Osaka, Japan

The principal requirements for use of high-
dielectric films as capacitors in planarlzed ultra-
large scale integrated circuit DRAMs {(dynamic random
access memories) are low d.c. leakage current and low
dielectric loss tangents. However, with very few
exceptions, the loss mechanisms are unknqwn in the
small-grain ceramic ferroelectrics u§ed in these
films. In the present work we describe the frequency
dependences of the two materials favored at present,
PZT (lead zirconate-titanate) and BST (barium strontium
titanate) for 50-100 nm diameter sol-gel preparations
at frequencies up to 3 GHz. Loss tangents of 0.001 to
0.014 are observed. Limitations on use of such devices
for higher frequency (50 GHz) phased-array radar are
discussed.
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INTERNAL FRICTION AND ELASTICITY OF V AND Cr FILMS ON S;-SUBSTRATES

Q. Yoshinan, T. OMa, T. Saitoh, S. Mibu and K. Tanaka

Department of Materials Science and Engineering, Nagoya Institute of Technology,
Showa-ku, Nagoya 466, Japan.

The internal friction of V and Cr films on Si-substrates has been investigated over a temperature
range between 100 K and 800 K with a measuring freguency of about 1 kHz. Films of 0.5- 1 gm
thickness were deposited on substrates (70 x 7 x 0.5 mm~) cut from a commercial Si-wafer. The internal
friction was measured in the flexural free-free bar mode. Although the background of the internal friction
is less than 10 below 150 K, it increases with the temperature and takes a typical value of 1.5 x 1074
at 500 K. The background internal friction is explained in terms of the thermoelastic damping of Si. For
a Cr-deposited specimen, no detectable change can be observed in the internal friction spectrum.
However, the frequency vs. temperature curve shows a shallow dip at the Néel temperature of Cr (310 K).
The dip becomes clearer after annealing at 873 K. For an as V-deposited specimen, an oxygen Snoek
peak is observed at 570 K, but it decreases gradually by the in-situ annealing at higher temperatures. This
behaviour of the Snoek peak is different from that observed for bulk V in which the oxygen Snoek peak
increases with annealing. This feature may be explained as follows: An oxide formation takes place over
the volume for the V-film, while it is restricted only to the surface region for the bulk specimen.

09-4
INTERNAL FRICTION IN MEMBRANES AND THIN FILMS

M. Wuttig and C.M. Su

Department of Materials and Nuclear Engineering
' University of Maryland )
College Park, Maryland 20742-2115

The intemnal friction of membranes is a new field in which the damping is controlled by
the imaginary part of the intemal stress. This situation contrasts sharply to traditional damping
which is controlled by the imaginary parts of the elastic moduli. The damping in ultrathin
composite films is controlled by both, the imaginary parts of the moduli as well as the internal
stress. This is to say that thin film adhesion will also influence the dynamical properties of
composite thin layer materials. The effect of these three features, the composite nature of thin
films, the importance of internal stresses and the adhesion between layers, will be discussed in
this presentation. All three cases will be illustrated by recent experimental results on
electrodeposited CuNi multilayer membranes, NiTi shape memory thin films sputtered onto on
Si02/Si substrates and MOCVD/MBE grown InP monolayers on GaAs.
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EXCITATION AND PROPERTIES OF ZERO SOUND IN METALS

V.D.Fil\, E.V. Bezuglyi, N.G. Burma

(1) B.Verkin Institute for Low Temperature Physics and Engineering of the Ukrainian
Academy of Sciences, 310164 Kharkov, Lenin’'s Avenue 47, Ukraine

The existence of the fast signals of the electron sound (ES) under the excitation of
the flat surface of the ultrapure metal (Ga, W, Mo, Al) by the piezoelectric transducer

has been revealed. These signals were observed in zero magnetic field at helium temperatu-
res, including the superconducting state.

We have measured both the ES phase velocities V and the Fermi velocities spectrum
and found V to be approximately equal to the maximum Fermi velocity along a given direc-
tion of propogation, and frequency independent (50 and 100 MHz) in a collisionless limit
In a weak magnetic field (£ 3 Oe) V increases by some percents with the encrease of H.
Also we have found the attenuation of ES to be practically frequency-independent. These

results together with the theoretical treatment permit us to identity ES as zero sound
(2S).

2S5 may be observed only in the multicomponent Fermi liquid (multiband anisotropic
metal), where it represents the antiphase oscillations of the separate components densiti-

es. IS oscillations are coupled with the elastic deformation and may be excited (received)
via piezotransducers.

In the hydrodynamical limit ZS transforms into a “concentration” mode having another
phase velocity and being the strongly damped electron analogue of the first sound.

The investigation of ZS amplitude versus temperature is a useful method of the elec-
tron relaxation study.

010-2
UNUSUAL ELASTIC BEHA VIOUR OF NORMAL STATE UPt3

D. Maurer. N. Lingg and V. Miiller

Institut fiir Experimentalphysik, Freie Universitit Berlin,
Arnimallee 14, D-1000 Berlin 33, Germany.

We report on extensive ultrasonic investigations of the elastic ;?roperties
of the heavy fermion compound UPt, in the normalconducting state.
In particular, careful measurements of the temperature depende.nce of
the ultrasonic attenuation and sound velocity were performed in the
vicinity of 5 K, where long-range antiferromagnetic order of the very
small magnetic moments has been claimed to occur. Apoma]taus hy-
steresis effects in ultrasonic propcrticsswere obscrv.cd wh.ufh. point to a
by far more complex relationship between lattice instabilities and the
formation of the heavy fermion state than ususally expected.
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LOW-TEMPERATURE ANOMALIES OF ELASTIC MODULI IN NIOBIUM OF DIFFERENT
PURITY IN THE NORMAL AND SUPERCONDUCTING STATES

P.P. Pal-Val, V.D. Nawsik, L.N. Pal-Val

Institute for Low-Temperature Physics and Engineering,
Ukr. Academy of Sciences, Lenin Ave. 47, 310164, Kharkov, Ukraine

Temperature dependences of elastic moduli in metals are determined at
low temperatures by the lattice and electron components. According to the
fgee electron model, the electron component increases with temperature as
T .and the lattice component at T<<® (© - Debye temperature) decreases as
-T*. Superposition of these comtributions would lead Lo appearance of ma-
ximum in {emperature dependences of elastic moduli, but for the common
metals the electron component is ne llgibly small and the maximum would be
observed in the temperature range T<<1 K.” In case of the transition me-
tals, the electronic component increases sharply (by decades) and the tem-
Rergt,ure dependences of elastic moduli are non-monotonic at the liquid

elium temperatures. It is of Rarticular interest to study the behaviour
of elastic moduli in niobium where in the normal, mixed and superconduc-
ting states different densities of normal electrons are realized.

In this work at frequencies 45-350 kHz, the study of the Lemgerature
dependences of dynamic moduli in niobium crystals with R3 o/R, =060, 290;

(<] 4,2
660; 970 in the range 2.5-20 K is made. It is found that in the normal and
mixed states the modulus tem%erature dependences show maximum. In the su-
perconducting state the practically linear decrease of the moduli is ob-
served when decreasing temperature below T, This result differs from that

obtained earlier for high-purity niobium where in the same temperature
region the non-monotonic dependence with minimum was found. The above re-
sults testify that the simple free electron model does not describe the
electron confribution to the elastic moduli of the transition metals.
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ELASTIC AND DISSIPATIVE PROPERTIES OF METALS WITH ULTRAFINE GRAIN
STRUCTURE

Ya.M. Soifer

Institute of Solid State Physics, Russian Academy of Sciences,
142432 Chernogolovka Moscow district, Russia

The elastic and dissipative properties of silver and copper poly-
crystalline materials with ultrafine grain structure (nano and submi-
crocrystals) are investigated in a wide temperature range by diffe-
rent acoustic techniques (inverted torsional pendulum, composite vib-
rator method, echo-pulse and high frequency resonance methods) at
frequencies from 10 Hz to 10 MHz. It was found that as-prepared samp-
les with ultrafine grain structure demonstrated very unusual behavi-
our of mechanical properties: sharp increase, in comparison with or-
dinary metals, of yield point and hardness and essential (up to 20%)
decrease of effective elastic moduli. The dependence of these proper-
ties as a function of microstructure which could be changed by the
heat treatment was studied. Measurements of the elastic and dissipa-
tive properties revealed an irreversible internal friction peak and
accompaying increase of elastic modulus at the characteristic tempe-
rature corresponding to that of a stucture rearrangement. The peak
temperature and modulus change do not depend on a frequency, however
depend on the chemical composition of the material. The anomalous
elastic and dissipative properties observed are critically discussed
in terms of the models describing elastic and anelastic phenomena
caused by rearrangement in the grain boundary region. Special atten-
tion is paid to the role of internal stresses in such processes.

011-2
INTERNAL FRICTION ASSOCIATED WITH GRAIN BOUNDARIES IN Ni-Cr ALLOYS

B. Cao, R Schaller, W. Benoit, F. Cosandey

(1) Ecole Polytechnique Fédérale de Lausanne, Institut de Génie Atomique,
CH-1015 Lausanne, Switzerland
(2) The State University of New Jersey, Rutgers, Department of Mechanics and Materials Science,
P.O. Box 909, Piscataway, NJ 08854 USA

High temperature internal friction have been investigated in detail in Ni-20 at.%Cr alloys, both in
single- and polycrystals, by using a low-frequency inverted torsional pendulum from room gempgraturc
up to 1273K. The internal friction spectrum of Ni-20 at.%Cr polycrystal is mainly cha{actcnzet;li yl two
relaxation peaks upon heating (P1 peak ~950K) and cooling (P3 peak ~1 100K) respectively, and a argac'i
hysteresis in the P3 peak temperature range between heating and cooling cycles. In somc_expcnmcn:) !
conditions, another peak P2 was also observed upon heating in the temperature range higher thanlin
peak. In the Ni-20 at.%Cr single crystal, only the P1 peak was observed during heating and cooling.
However, when the single crystal was recrystallized at 1200K after cold-rolling, an internal fnct::n
spectrum identical to that of polycrystal was observed. Experimental evidences lead us to .conch:gci at
P3 peak and the large hysteresis are associated with the grain boundaries and the P1 peak is related to a
relaxation process taking place in the grains. ) allized

Furthermore, metallographical observations in measured polycrystals and in the rccx:ystl i
single crystal revealed both the presence of discrete carbide precipitates at the grain boundaries. It v:has
shown that the internal friction behaviour associated with the grain boundaries depends strongly on the
microstructure of the grain boundaries. When the grain boundary is free of carbide precipitates, only the
P3 peak was observed during heating and cooling. On the contrary, when the grain boundary qontam;
continuous distribution of carbide precipitates, only the P1 peak was observed during heating a:k
cooling. A continuous evolution of the high temperature internal friction, towards to a stabilized P3 peak,
was also observed in an oxygen contaminated environment. . ) ch i

The obtained results lead us to atibute the P3 peak to grain boundary relaxation, whic fls
affected by the carbide precipitates. The hysteresis can be due to changes in the grain boundary, for
instance. carbide nrecinitation-dissolution.
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THE STUDY OF INTERNAL FRICTION IN METAL-METAL LAYERED MATERIALS

Z. Cseresnyés, S. Kiss, 1.Z. Harangoz6

Dept. of Solid State Physics, Lajos Kossuth University,
H-4010 Debrecen, P. O. Box 2, Hungary

The behaviour of the interfaces is a fundamental parameter of microheterogenous systems. The
internal friction measuring technique is a very sensitive method to study the state of interfaces.
The aim of the present study was to investigate:
- the state of grain boundaries and their small distance sliding (grain boundary internal friction peak;
GB peak),
- the dislocation motion by conservative or non-conservative way (low- and high temperature
background; LTBG and HTBG),
- the existance of regularly spaced dislocation network (amplitude dependent internal friction).
The amplitude dependent and independent internal friction measurements were carried out in a torsion
and in an inverted torsion pendulums over a temperature range of 300-700 K. The amplitude dependence

was studied in the deformation range of 10-5. 2.5*10-4. The metal-metal layered samples were produced
by electrodeposition.
The main results on the areas mentioned above are as follows:

1) The atoms of the deposited layer diffusing into the substrate mainly along the substrate grain
boundaries suppress the GB peak of the substrate. The effectiveness of this suppression is strongly
dependent on the kind of the deposited metal.

2) The LTBG shifted parelelly to higher values of internal friction after the deposition. The rise of
HTBG of metal-metal system is higher than the rise of the substrate HTBG.

3) Measuring the internal friction as a function of vibration amplitude we find a hysteresis on the
curves detected on increasing-decreasing series of amplitude. This hysteresis disappeares after the
dissolving of the deposit layer. The area of the hysteresis depends on the kind of deposit metal and
strongly decreases during the second series of amplitude-dependent measurements. The Granato-Liicke
plot of this hysteresis shows that it can be resulted by a regularly spaced dislocation network.

O11-4
ANELASTICITY OF ULTRA-FINE GRAINED POLYCRYSTALLINE GOLD

S. Okuda? F. Tang? H. Tanimoto? Y. Iwamoto?

(1)Institute of Materials Science and (2) Institute of Applied Physics,
University of Tsukuba, Tsukuba, Ibaraki-305, Japan

Anelastic properties of ultra-fine grained gold produced by the gas deposition (GD)
method, were investigated in the temperature range 78~820K. The GD method is a promising
method to produce so-called nanocrystalline materials with grain size of about 10mm. In
this method, ultra-fine particles produced in an evaporation chamber with a controlled He
gas pressure are transported through a pipe to a deposition chamber where they are depos-
ited on the substrate to form ultra-fine grained films. So far, the grain size of speci-
mens observed by SEM was about 60nm. Internal friction (Q ") and elastic modulus (E) were
measured by means of flexural vibration (about 300Hz).

Q ' showed two small peaks at 130K and 210K and one pronounced peak at around 550K
with large background increasing up to 870K. The 130K peak grew and was annealed out
below 650K. The 210K peak was annealed out at around 400K. The peak temperatures of
these two peaks agreed with neither the Bordoni peak nor the point defect-dislocation
interaction peaks so far reported. The peak temperature of the 550K peak moved from 525K
to 580K during thermal cyclings with increasingly higher temperatures and disappeared
after annealing at 1123K. This peak could be identified as the ordinary low temperature
grain boundary peak from the peak temperature of 580K and the recovery temperature ob-
served in ordinary polycrystalline gold.

E showed a pronounced recovery (or increase) during annealings in the temperature
range 600~700K. This was accompanied by a pronounced recovery ( or decrease) in Q”
around the grain boundary peak. It was rather surprising that the specimen remained
brittle even after annealing at 1123K where recrystallization should be expected to occur
from the disappearance of the low temperature grain boundary peak.

The present results on 60nm sized polycrystalline gold seem to be comparable in many
respects to the results on 10nm sized nanocrystalline palladium by M. Weller et al.(1981).
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ANELASTIC RELAXATION STRUCTURAL STABILITY AND TRANSFORMATIONS IN
NANOCRYSTALLINE METALS AND ALLOYS

E. Bonetti, P. Mattioli, G. Valdre
Diparumento di Fisica, Umiversita di Bologna, Consorzi0 INFM and GNSM-CNR, via Imeno 46, 40126 Bologna laly

Mechanical properties of nanocrystalline (nc) materials display increasing interest from a
fundamental point of view as well as for their potennal technological applications.

Two structural features appear of major concern in the phenomenological analyses of these
properties: grains and boundary regions. The "grain size" swongly affects strenght and deformation
behaviour. Anomalous trends of some specific properties, e.g strenght, are observed when
dimensionality effects affect the mechanism of defects generation and mobility. This is the case, in
pure metals, when strenght and plasticity depend on dislocation generation and dynamics.
Moreover, since in nc materials an appreciable fraction of atoms are located in the regions within
and near one or more boundaries, the “boundary regions” may be an important microstructural
feature in controlling specific properties. .

Mechanical spectroscopy techniques have been widely applied in the past years to study
mechanical properties in polycrystalline materials. In particular grain boundary sliding mechanisms
have been studied through measurement of the elastic energy dissipation. Moreover, detailed
information on the elastic instability phenomena linked to structural ransformations (grain growth,
crystallization) were provided by dynamic elasticity moduli measurements. ,

In the present research elastic energy dissipation and dynamic Young's modulus
measurements, coupled with TEM observations, have been performed on pure nc bulk metals. solid
solutions and intermetallics, obtained by ball-milling plus cold consolidation. The anelasticity
spectra of nc metals show noticeable differences with respect to those of polycrystals. In.pamcular,
strong reductions of the background damping level and a low temperature instability regime for the
dynamic Young's modulus have been observed and correlated to the grain size and defect density.
Anclastic relaxation effects have been observed just below the temperature where the clastic
instability regime for the elasticity moduli sets up. Possible correlations of the relaxation with grain
boundary or dislocation mechanisms and some similarity with the anelastic relaxation of
nanostructured thin films deposited onto rigid substrate are emphasized.

O11-6
NONLINEAR MECHANICAL RELAXATION ASSOCIATED WITH THE VISCOUS SLIDING OF
GRAIN BOUNDARIES

X.S. Guan and T.S. Ké

Laboratory of Internal Friction and Defects in Solids
Institute of Solid State Physics, Academia Sinica, Hefei 230031, China

In 1947, Ké reported for the first time the results of his research on the mechanical behavior of
grain boundaries in polycrystalline aluminium with anelastic measurements. Experimental results
showed that the grain boundaries behave in a viscous manner and can slide under the action of shear
stress. Because of the existence of grain edges and corners in a fine—grained polycrystalline specimen, the
sliding cannot proceed unlimitedly. As a consequence, an internal friction peak (versus temperature) ap-
pears and exhibits a definite relaxation strength,

Recently, the internal friction of high—purity aluminium bicrystals with random boundary
(mis—orientation angle 60 ° ) and with boundary having a coincident site lattice ( Y. 11) was measured
with forced—vibration method. Internal friction peaks (versus temperature) were observed around 200T
with frequency of vibration 1 Hz. The activation energy concerned was found to be 0.88 eV. Since no
grain edges and corners should exist in bicrystal specimens. it is considered that the basic process associ-
ated with the internal friction peak observed in bicrystals is the viscous sliding of the boundary dragging
the dislocation substructure existed in the vicinity of the boundary. This dragging process controls the
viscous sliding along the boundary so that an internal friction peak can appear. However, since the dis-
location in the substructure can move during the boundary sliding, the limiting action is of a relaxation

type instead of purely elastic as in the case offered by the grain edges and corners in polycrystalline spec-
imens.
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THE DIAELASTIC EFFECT IN THERMODYNAMIC PROPERTIES OF CONDENSED MATTER*

A.V. Granato

Physics Department
University of [llinois at Urbana-Champaign
1110 West Green Street
Urbana, lllinois 61801-3080 USA

Relaxation and Resonance Effects are well known in the Internal Friction and Ultrasonic
Attenuation literature. In recent years a new kind of response, the Diaelastic effect, has
become useful in the characterization of defects in solids. The diaelastic effect is analogous
to the diamagnetic effect for magnetic materials, and corresponds to the stress induced
generation of dipoles in the crystal, in contrast to the stress-induced ordering of preexisting
dipoles, which leads to relaxation effects. The response is temperature and frequency
independent, but does depend on polarization. The latter feature makes it useful in
characterizing the symmetry of defects. Examples for different crystal types are discussed.
The known diaelastic response of crystals containing interstitials has been used to construct
a model according to which liquid and amorphous metals are crystals containing a few
percent of self-interstitials. The phenomenological aspects of the model do not depend,
however, on the microscopic configuration, but only on the diaelastic properties known
experimentally to be universal for amorphous materials.

*Supported by the National Science Foundation under grant NSF DMR 90-08469.
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INFLUENCE OF A DISTRIBUTION OF RELAXATION TIMES IN THE DAMPING OF
MATERIALS

E. Povolé.lC.L Matteo?

(1) Comisién Nacional de Energia Atdmica, Dto. de Materiales, Av. del Libertador 8250,
(1429) Buenos Aires, Argentina.
(2) Universidad de Buenos Aires, Facultad de Ciencias Exactas y Naturales, Dto. de Fisica,
Pabellén 1, Ciudad Universitaria, (1428) Buenos Aires, Argentina.
Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET), Buenos Aires, Argentina.

The dynamic response of a linear viscoelastic solid is clearly affected by the presence of
a distribution function of relaxation times, even in the case of low relaxation strengths. The
functional forms of the distribution functions and their characteristic parameters are related to
the relaxation process, and the determination of these parameters gives valuable information
about the mechanisms involved in the material.

The tangent distribution function, whichk - s introduced in a recent work, allows to include
the internal friction of a linear viscoelast.. solid in the group of magnitudes which can be
expressed by distribution functions, as the modulus or the compliance, either in terms of relax-
ation times or in the complementary variable, the excitation frequency. This leads to different
procedures for analyzing the internal friction behaviour, both as a function of temperature or
frequency. The concepts developed in this work are applied to experimental data for the Snoek
relaxation in Nb-O alloys.
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ACOUSTIC EMISSION AND SELF-ORGANIZED CRITICALITY ASSOCIATED TO
FRACTURE PROCESSES DURING HYDROGEN PRECIPITATION IN Nb

G. Cannellil, R. Cantelli! and F. Cordero?

(1) Universita di Roma "La Sapienza®, Dipartimento di Energetica, Via A. Scarpa 14, [-00161
Roma, ltaly
(2) CNR, Istituto di Acustica "O.M. Corbino", Via Cassia 1216, [-00189 Roma, Italy

Acoustic emission activity has been detected in niobium during hydrogen precipitation
from solid solution. The observed emission is attributed to the nucleation and propagation of
microcracks generated by the misfitting growing precipitate particles. The analysis of the
acoustic signals reveals that the distribution of their amplitudes follows the Gutenberg-Ritcher
law of earthquakes N(A>A) A", ¢ = 0.9 over more than two orders of magnitude. The
observed power law cannot be explained in terms of a critical phenomenon because hydride
precipitation is a first order transition not implying fluctuations over all scales. Rather, it
indicates that during the fracture processes caused by the precipitation, the Nb-H system goes
into a self-organized critical state similarly to what occurs in the earth crust as far as the
earthquakes are concerned.
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MAGNETOPLASTIC EFFECT IN NON-MAGNETIC CRYSTALS AND INTERNAL FRICTION

V.I. Alshits, E.V. Dannskaya, O.L. Kazakova, E.YU. Mikhina, E A. Petrzhik
Institute of Crystallography, Leninsky pr., 117333, Moscow, Kussia

Displacements of dislocations as a result of exposing the specimens to a
static magnetic field (B=0.1-2T) is found and investigated for NacCl, CsI,
LiF, Zn and Al single crystals. This effect is oharacterized by the
following properties: 1) the mean dislocation path linearly increases with
the time of the magnetic treatment; 2) the mean dislocation velocity is
proportional to the square of the magnetic induction and inversely
proportional to the square root of the concentration of paramagnetic
impurities; 3) the effect is temperature independent in the range
T=4.2-T7K and it grows only by 20-30% with a further increase of T up to
293K; 4) an abrupt deorease of the e€ffeot is found when the frequenoy v of
an alternating magnetio field exoeeds some oritical value Vy & B® (V,>15Hz
at B=0.3T); 5) a strong effect of a static electric field (E~2 -20V/cm) on
dislocation mobility in NaCl specimens simultaneocusly exposed to a static
magnetic field is found (with no eleotric influence at B=0). The
phenomenon is interpreted as a result of unlocking of dislocations from
paramagnetio oenters under the aotion of magnetic field and motion of
dislocations in the internal stress field. Possible manifestations of the
magnetoplastic effeoct in the internal friction phenomena are disocussed.

013-2
GIANT MAGNETOSTRICTIVE MATERIALS : THIN FILM FORMATION AND APPLICATION TO
MAGNETIC SURFACE ACOUSTIC WAVE DEVICES
H. Uchida!, M. Wada!, T. Koike!, H.H. Uchida2, V. Koeninger, Y. Matsumura!, T. Kurinot, H. Kaneko4

(1)Dept.of Applied Physics, Tokai University, Kitakaname, Hiratsuka, Kanagawa 259-12, Japan
(2)Dept. of Resources & Environmental Science, Tokai University, Japan
(3)Lab. No.6, Kanagawa Academy of Science and Technology(KAST),
Sakado, Takatsu-ku, Kawasaki, Kanagawa 213, Japan
(4)Society of Non-Traditional Technology(SNTT), Toranomon, Minato-ku, Tokyo 105, Japan

The giant-magnetostrictive DyFe, and TbFe, intermetallics were pulverized by cyclic hydriding and
dehydriding reactions. The produced powders were flashy evaporated to form thin film Tb,;Dy,,Fe;. The
film formation was examined in different vacua, deposition rates and substrates temperatures. The
To,3Dyq;Fe, film exhibited quite different M-H curves and magnetostrictions depending on substrate
temperature and vacuum to deposition rate. This paper demonstrates the marked effect of film structure
and composition on the magnetostriction. The results obtained are important to assess the magneto-elastic
interactions of magnetostrictive Tby 3Dy, ;Fe, thin films for magnetic surface acoustic wave(MSAW) devices.
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EFFECT OF HIGH-FREQUENCY PHONONS ON THE MAGNETIC MOMENT OF FcBO:

L.E. Svistov, J. Low, H. Benner

Technische Hochschule Darmstadt and SFB 185. D-6100 Darmstadt, Germany

By means of a SQUID magnetometer we have investigated the change of the magnctic moment AM
due to the excitation of high-frequency (0.5-2.5GHz) phonons in the easy-plane antiferromaguet
FeBO,. These phonons were excited at helium temperature both by conventional magnetic resouance
and parallel pumping techniques [1] via magnetoelastic interactions. In the low-field range (H <150 Oe)
excitation of phonons results in a decrease while in the high-field range (H > 150 Oe) excitation leads
to an increase of the magnetic moment. The observed effects can be qualitatively described by the
excitation of standing magnetoelastic modes which, in principle, would decrease the magnetic moment
of the sample. The most important relaxation process of these modes is based on three-particle
interactions with the magnon branch [2]. A theoretical analysis of the contribution to AM ansing from
secondary quasi-particles shows that the excitation of non-equilibrium magnetoelastic modes leads to
an increase of the total magnetic moment. The competition of these two contributions can explain the
observed field dependence of AM. While in conventional resonance experiments the observed change of
AM showed a linear dependence on the absorbed power, in parallel pumping experiments a strongly
nonlinear behaviour was found close to the threshold. A detailed analysis shows that the threshold is
essentially determined by the relaxation of a directly excited nonthermal packet of magnetoelastic
waves,

We discuss the possibility of applying this effect for detecting high-frequency phonons in technical
applications. The limiting frequency of such a small-bandwidth detector was calculated to be about
4GHz. The sensitivity was evaluated from experiment to amount to 5-107°Oe cm® for an elastic
excitation power of 0.1 mW.

[1] V.l Ozhogin and V. L. Precbrazhenskii. Sov. Phys. Usp. 31, 713 (1988)
[2] V.G. Bar'yakhtar and E. A. Turov, in 'Spin Waves and Magnetic Excitations 2', Elsevier Science Publishers B.V.,
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THE ULTRASONIC BEHA VIOUR OF FERRIMAGNETIC GARNET YIG CRYSTAL UNDER
PRESSURE

Gu Huicheng, Wang Jifang
(Institute of Physics, Chinese Academy of Sciences, Beijing 100080, China)

ABSTRACT

Similar ultrasonic behaviours whether under atmosphere or under
pressuare have been found from the wmeasuremeat on sound velocity and
attenuation of gars~t YAG asd YIG. Obviously it was lttribﬂto? to seme
garoet crystal structure.  Bud, the ultrasonic Dbekaviours of
ferrimagaetic garnet YIG and nonmagnetic garaet YAG were different e
external magnetic field was applied. This paper iatroduces nltruso?lc
behaviour of ferrimsgnetic garnet YIG erystal under pressure, which
reveals the fact that there exists magnon-phonon intersction ie YIG.

We found that whether ia the trapsverse wave or longitudinal wave
and whether for sound veloeity or atteauation too, 82 snomaly
phesomenon appeared with pressure as external magoetic field vas
applied. The attenuation was exhibited the proasounced peak v,th
pressure and the sound velocity was exhibited obvious platesn wt?h
pressure. This is different from to that without external magnetic
field,
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RECENT APPLICATIONS OF HIGH-DAMPING HYSTERETIC DEVICES FOR THE SEISMIC
ISOLATION OF BUILDINGS, BRIDGES AND INDUSTRIAL EQUIPMENT

W.H. Robinson

New Zealand Instutute tor Industnial Rescarch and Development.
PO Box 31-310, Lower 17301, New Zealand

) Seismic isolation 15 a techmique in which a stucture 18 decoupled from carthquake-induced ground
mctons. In New Zealand. luly, the USA and Japan this technique has now advanced to the point where st s

often cnnsidered for the protection of both new and existing buildings, bndges. and to a lesser extent. industnal
plant.

Scismic isolation sysiems have two imponant functons:
* The penod of the isolated siructure is increased 10 a value beyond that which dJominates in a
typical carthquake
* The displacement is controlled (to 50-200 mm) by the addition of an appropiate amount of
damping toften approximately 20 percent of cntical).
The increased penod (>1.5 seconds) is achieved via a flexible support which provides a reduction in the
‘'stiffness’ or 'spring constant’ between the structure and the ground. Examples are flexible piles and rubber

elastomeric bearings. The damping is usually predominantly hysteretic, provided by plastic deformation of either
steel, lead or rubber at strain amplitudes of up to 100 percent.

QOur studies of seismic i1solation began in 1968 as the synthests of two groups working on matenals
science and engineering scismology respectively. Our research has had three main components: expenments,
theoretical work and application of seismic isofation devices. Devices invented and developed in our (aboratory,
and successfully applied in real seismic isolation systems, include various designs of steel damper, the lead-
extrusion damper and the lead-rubber bearing. A paper describing this work was delivered at the 8th ICIFUAS

confer 'nce in 1985 and we have recently (1993) produced a book “An Introduction to Seismic Isolation”
describing the technique and devices in detail.

In this paper we present a critical analysis of the various damping devices and a summary of their
application worldwide to date.

014-2
SCANNING ACOUSTIC IMAGING OF STRESSES

E. Drescher-Krasicka

National Institute of Standards and Tect "logy
Gaithersburg, Maryland 20899, USA

A new acoustic techn.que for mapping stresses in isouvpig. solid materials is based ona
comparison of the amplitudes of polarized modes propagating through the stress mduch
anisotropic areas with those propagating through strcss—fyee volumes of the 'sample. Acoustc
images display variations in the siress field utilizing differences in acoustic wave AampAhtude
often enhanced by interference cffects. The presence of interal stresses in the interior pf
isotropic, solid materials may be understood, in analogy to optics, as a temporary or antificial
birefringence. This effect normally persists while the loads are maintained but vanishes when
the stress is removed. This phenomenon is known as a temporary or artificial double.rcfracuon
and was first observed by D. Brewster in 1816 w optiqlly transpasent rpalcqals. The
corresponding  effect 1n acoustics is known as acoustic birefringence or trirefringence in
isotropic matenals subjected 1o stress.

In acoustic .«croscopy, every shear mode creaied by mode conversion of 3 lopgit\_;dinal
refracted wave at the water-solid interface is polarized. Following the analogy to optics, in the
stressed areas, the polarized shear mode will experience birefﬁqgcnqc. The shear wave will
split into two, orthogonally polarized components propagating with different Speeds_ m}ndc t.he
stressed area. The waves received from the stressed area will show a decrease in intensity
compared 1o that of the arrivals from the isotropic, stress free volumes. This happens. because
the water-solid interface in an acoustic microscope can be compared to an optical analyzer,
which allows only certain polarizations to retum to the receiver through the layer of water. In
contrast to light waves, acoustic waves show trirefringence, because the speed of the
longitudinal wave is also affected by the acting stress. The broad range of w.ave_-lengths
available in acoustic imaging makes this technique feasible for many practical applications.

A few examples are given: a disc under diametral concentra;ed loa'd. polymer and aluminum
samples under compression, and metal and ceramic samples wn'h residual stresses 1Ilustx"ate the
advantages and limitations of this technique. In case of the d:ameu'all)j cqmpressed disc, the
analytically obtained solution for the sums and the differencgs .of the principal stresses for the
sample used in the experiment are compared with the acoustic images.
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DETERMINATION OF ELASTIC CONSTANTS OF SINGLE CRYSTALS BY THE
RECTANGULAR PARALLELEPIPED RESONANCE METHOD

M. Koiwa and K. Tanaka

Department of Metal Science and Technology, Kyoto Umversity, Kyoto 606-01, Japan

The rectangular parallelepiped resonance method is a useful method for determining elastic constants of
single crystals. The great advantage of this method is that one can use a very small specimen of about 2 mm in
edge length. However, the numerical analysis to obtain the values of the elastic constants from the observed
resonance frequencies is very laborious. A new method of analysis is proposed, which is applicable to speci-
mens of cubic crystals. With this method, we have determined the elastic constants Cjy, C17 and C44 0f 2
?eor(n)%s gf Ni-based L12 compounds Ni3X with X = Mn, Fe, Al, Ga, Ge and Si from room temperature to

The number of independent elastic constants is larger for crystals with lower symmetry: 3 for cubic, 5
for hexagonal, 6 or 7 for tetragonal and 9 for orthorhombic crystals. Since the analysis is made essentially by
trial and error, the time required to reach the final solution becomes longer for crystals with low symmetry.
Attempts are being made to determine directly the vibrational mode of each peak in a resonance spectrum.
Such information is expected to help greatly the process of analysis for evaluating the elastic constants.

014-4
MEASUREMENTS OF INTERNAL FRICTION IN POLYCRYSTALLINE MATERIALS USING
LASER ULTRASOUND

B. Haberer, M. Paul, H. Willelms and W, Amold

Fraunhofer-Institut for Non-Destructive Testing,
Bldg. 37, University, D-W-6600 Saarbriicken i1
*present address: SINTEF Applied Physics, N- 7034 Trondheim

In polycrystalline materials, the internal friction depends on dislocation damping, Bloch wall
movements, thermoelasticity and other mechanisms. Hence, absorption measurements should be
helpful in order to detect, for example, changes in the dislocation structure taking place during
plastic deformation by (thermo)mechanical treatment, creep or fatigue. However, precise
measurements of ultrasonic absorption or internal friction in the frequency range from 0.1 -10
MHz in polycrystalline materials like steels, are usually not possible by means of conventional
ultrasonic techniques, because the scattering of ultrasound caused by the grain boundaries is much
larger than the inelastic part, i.e. the internal friction.

Precise measurements of ultrasonic absorption are possible by measuring the reverberation of
ultrasound in specimens of limited size. If piczoelectric transducers are used for generation and
detetction, the effect of mechanical damping by the transducer has 10 be taken into account,
especially for specimen volumes below 10 cm3. We have extended the reverberation technique
allowing non-contact measurement of the ultrasonic absorption by using laser ultrasound, thus
avoiding any external damping of the reverberation signal. In addition, the new technique enables
one to carry out absorption measurements up to very high temperatures, and it can be applied to
samples of complex shape. Laser ultrasonics also allows one to measure tie elastic moduli as a
function of temperature. In this paper, the measurement technique is described and examples for
internal friction measurements together with the elastic moduli are presented for polycristalline
steels, copper, aluminum, and ceramics as a function of deformation, frequency, and temperature.
In those polycristalline metals where internal friction is caused to a large extent by movement of
dislocations, the intemnal friction does not obey the usual frequency dependance expected from a
Debye behavior, i.e. Q-1 ~» but Q-1 is rather constant. However, the contribution from the
magnetoelastic effect in ferritic polycrystalline steel does behave like a Debye relaxator.
Furthermore, in white cast ison, a ferromagnetic phase transition at 480 K is observed which is
related to the Curie point of the cementite phase. Possible origins of the various contributions
to Q-1 will be discussed.
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RESONANT ULTRASOUND SPECTROSCOPIC TECHNIQUES FOR MEASUREMENT OF THE

ELASTIC MODULI OF SOLIDS
A. Migliori

Los Alamos National Laboratory, Los Alamcs, New Mexico 87545

The mechanical rescnant response of a solid depends on its shape, density, elastic modul:
and dissipation. we describe the :nstrumentation and computational metho@s for acquiring
and analyzing the resonant ultrasound spectrum of very small (0.001 cm’) samples as a
function of temperature, and provide examples of measurements on ceramics, metals and
superconductors to illustrate the range of information that can be obtained. The
information acquired is in some cases comparable to that obtained from other more
conventional ultrasonic measurement techniques, but resonant ultrasound spectroscopy
(RUS) is unique in that all mcduli are determined simultaneously to very high accuracy
without any transducer bond corrections. Thus in circumstances where high relative or

absolute accuracy is required for very small crystalline or other anisotropic samples RUS
can provide unique information.

This work supported under the auspices of the U.S. Department of Energy

014-6
INTERNAL STRESS EVALUATION FROM MECHANICAL BARKHAUSEN EFFECT

B. Augustymak

Facuity of Applied Physics and Mathematics
Technical University of Gdarisk
80-952 Gdarisk, Poland

New method - based on the analysis of the Mechanical Barkhausen Effect ( MBE.)
noise measurements was used to reveal the distribution of internal stresses in ferromagne.tlc
materials in some Fe-Ti ferrous alloys. Intensity of MBE noise has been measured for wire
samples as a function of the applied shear stress using inverted pendulum. Measurements of
MBE were followed by measurements of the magnetomechanical damping. It was revealqd
that the integral of hysteresis loop U(y) of MBE noise intensity ( after correction on strain
rate ) is simply proportional to the energy losses for one cycle, calculated from mtem'al
friction. The dependence of the integral of the MBE hysteresis loop U(y) on th_e shear strain
amplitude v, - function U(y,) - was than used 1o find experimental curve of thg internal stress
distribution function N.(0). These integrals as calculated for shear vibration have been
corrected 10 the uniform stress mode of vibration. It was tested that N.(0) fupction can be
fitted by some phenomenological function N,(0). which was proposed previously by the
Birchak and Smith's model of magnetomechanical hysteresis process.
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N-AGEING IN ALUMINISED STEEL SHEET: AN INDUSTRIAL APPLICATION OF HIGH
FREQUENCY INTERNAL FRICTION MEASUREMENTS TO POINT DEFECT/INTERFACE
INTERACTIONS

B.C. De Cooman, H. Storms, I. Bultinck, P. Buysse, .G. Ritchie, M. Kuhn, M. Fioruca

(1) OCAS NV, Zelzate, Belgium
(2) Intemational Atomic Energy Agency, Vienna, Austria
(3)Laminoirs de Dudelange SA, Dudelange, Luxembourg

Aluminised sheet (two-sided, with a 80-150g/m’ Al-9%Si alloy coating), obtained by a
continuous hot-dipping process of steel sheet, is widely used in the automotive and building
industries because of its favorable high temperature corrosion resistance combined with a high
reflectivity and a good formability. It has been known for some time that cold rolled Al-clad
sheet, containing a controlled amount of interstitial nitrogen before cladding, is resistant to
the formation of brittle Fe-Al intermetallics, which give the material a poor high temperature
performance. The aim of the present rescarch was to apply a similar method to the
improvement of the high temperature resistance of continuously aluminised sheet and to
determine the precise nature of the mechanism responsible for the better performance.

The N-ageing of aluminised sheet was therefore studied by means of the APUCOT, a high
frequency intemnal friction measuring device based on the four component resonant bar
technique resonating longitudinally at 40kHz.

Aluminised sheets with substrate compositions giving a large difference in high temperature
performance, were heat treated and the kinetics of the N-ageing were studied.
Microanalytical studies using AES showed that the coating/substrate interface acts as an
effective trap for N-interstitials.

In view of the stability of AIN, the results strongly suggest that a thin AIN-diffusion barrier
is formed at the coating/substrate interface when the kinetics of the Fe-Al intermetallics
formation are slower than the kinetics of the diffusion barrier formation. The latter is
essentially N-diffusion controlled.

Based on the results it is possible to define the aluminised sheet substrate chemistry that will
yield a coated sheet with a high temperature resistance up to the melting point of the alloy
coating.

014-8
ANALYSIS OF THE ANELASTIC CREEP OF Al AND TWO Al-Cu ALLOYS

Stefano Sgobba, Lorenzo Parrini, Hans-Ulnich Kiinzi and Bernhard Iischner
Ecole Polytechnique Fédérale, CH 1015 LAUSANNE

The future nanometer-dimension technology requires highly stable and drift-free materials. Therefore,
anelastic creep of pure Al, AlCu and AlCuMg has been measured by means of a high resolution laser
heterodyne interferometer. The anelastic deformation has been studied as a function of time for several
thermomechanical treatments. The obtained creep functions closely follow over several time decades a power
law with exponents between 0.3 and 0.5. The 1otal deformation of pure Al also contains an irreversible
contribution following a logarithmic creep law. The relaxation strengths strongly depend on the material and
the thermomechanical treatment. The microstructures resulting from various treatments and observed in TEM
can be associated with the different anelastic behaviours. Recognizing the charactenistic times involved in the
deformation-time curves was not univocally possible, due to the difficulties of a spectral decomposition both
in the discretum and in the continuum. As the operation of inverting a Laplace transform is substantially
unstable, the form of the spectrum is shown to depend strongly on the features of the functions used to fit the
experimental data. Moreover, the different phenomena responsible for anelastic creep could not directly be
identified on the deformation-time curves which do not present any inflexion or reference point. Nevertheless,
it has been possible to quantitatively compare the static anelastic behaviour with the dynamic response of the
same malerials, measured as a function of the temperature or frequency at different temperatures. A good
agreement between the two types of results has been obtained. With respect to the interpretation of the results,
static and dynamic methods appear to be complementary. Direct creep measurement provides information on
long rclaxation times phenomena and allows to distinguish between reversible and irreversible contributions,
whercas dynamic methods allow a better separation of the dissipation mechanisms. In particular, for
artificially aged AlCu, the static behaviour of the alloy could be predicted from the internal friction measured
as a function of temperawre. The nearly perfect correspondence between the model and the experimental
creep data allows its static behaviour 1o be interpreted in terms of a Zener mechanism and a 0'-peak.
Microstructural TEM observations confirm this interpretation.
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INTERACTION OF DISSOLVED ATOMS AND HY DROGEN SNOEK RELAXATION IN Nb AND
Ta (COMPUTER SIMULATION )

M. Blanter

Moscow Instrumental Institute,107076,Moscow,Strominka 20,Russia

Internal friction due to "diffusion under stress” of H and D atoms was
calculated In Ta(Nb)-O(N)-H(D) alloys to use Internal friction Tfror
verirication of the applicability of the model of interactlon of
dissolved 1nterstitial ‘atoms and also to 1investigate the relaxation
mechanism. A long-range strain-induced (elastic) 1nteraction model
supplemented by repulsion interaction in the nearest coordination shells
was used.The short-range order In interstitial solid solutlon was
simulated by Monte-Carlo method.It was supposed that the shori-range
order effects Internal friction by chainging the energy of H or D atoms
in solid solution and therefore the activatlon energy of the relaxation:

rocess.
P Computer simulation was carried out with concrete values of energles
of elastic interaction and with different radil or additlonal repulsicn
interaction. The calculated spectra are 1in a gcod agreement with
experimental data when the repulsion interaction expands up to the third
coordination shell.It was shown that the used strain-indused interaction
model supplemented by the regglsion in tree nearest shells are useful
for description of the solid solutions and the relaxatlon mechanism

consists in reorientation of H(D) atoms in the third coordination shell
near O(N) atoms.

P1-2
HYDROGEN AND OXYGEN-RELATED ANELASTIC EFFECTS IN THE Ta7sNbzs ALLOY

A. Biscarini, R. Campanella, B. Coluzzi, C. Costa!. B.S. Sohba?2, F.M. Mazzolai, HK. Bimbaum?

Department of Physics, University of Perugia, Perugia, Italy
(1) ISRIM, Temi, Italy
(2) Dept. of Phys., Regional Eng. College, Warangal, India
(3) Lab. of Materials Science, Univ. of 11l., Urbana-Champaign, USA

) The Gorsky relaxation due to long range diffusion of H has been investigated over a
wide range of temperatures by elatic after-effect. Conrary to what happens in pure Ta and Nb,
in the Ta;sNb, 5 alloy the hydrogen diffusion coefficient dispays an Arrhenius type of
temperature dependence between 125 and 415 K. The hydrogen pracipitation relaxation has
also been observed, toghether with a lower temperature anelastic effect. It is unclear whether
the lower temperature effect is a Snoek or an O - H pair reorientation relaxation.

~ The oxygen Snoek effect is associated with a wide spectrum of relaxation times, the
origin of which is related to the multiplicity of interstitial sites available to O in the alloy.
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TEMPERATURE DEPENDENCE OF THE INTERNAL FRICTION AND MODULUS CHANGE IN
Y203 OR MgO DOPED ZrO; POLYCRYSTALS

L.F.C.P de Lima, A.L.E. Godoy, E.N. dos S. Muccillo

COMISSAO NACIONAL DE ENERGIA NUCLEAR

INSTITUTO DE PESQUISAS ENERGETICAS E NUCLEARES

P.0. Box 11049 - 05422-970 - Pinheiros - SP - BRAZIL
Internal friction and frequency measurements were carried out in Y, 0, or
Mg0O doped zirconia polycrystals at low frequency (1,5 - 3,5 Hz), in the tempe
rature interval from 130 to 623K. The results obtained with the first system
confirm those of the literature. In the Zr0, ~-Mg0 system, two peaks have been
observed, at 223 and 455K, respectively. The first is sensitive to linear
annealings at temperatures between 473 and 573K, and decreases with Mg0 con -
centraction, whereas the second appears for higher concentractions and increg
ses with them. This last peak has been ascribed to the reorientation of oxy-
gen vacancy-magnesium cation pair in the cubic phase, induced by stress, with

an activation energy of ~1,17 eV.

ANELASTIC RELAXATIONS DUE TO INTERSTITIAL IMPURITIES IN NIOBIUM AND
TANTALUM

P14
|
| R.M. Femandes!, C.R. Grandini!, J.R.G. da Silva2, O. Floréncio® H. Tejima3, J.A.R. Jordao?

(1) Depto de Fisica, UNESP, Baurv, SP, Brazil.
(2) Depto Engenharia Materiais, UFSCar, Sao Carlos, SP, Brazil.
(3) Depto de Fisica, UFSCar. Sao Carlos, SP, Brazil.

Measurements of internal friction constitute an important tool for study of anelastic relaxations when
interstitial impurities are present in a metallic matrix. One of these processes observed by such
measurements is known as stress induced ordering. This work shows the study carried out in
policrystalline samples of niobium and single crystals samples of niobium and tantalum, pure and doped
with heavy interstitials as oxygen and nitrogen. The experimental data are obtained by internal friction
measurements as & function of the temperature. The results show relaxations structures, which are
decomposed in their constituted Debye peaks. These peaks are related to relaxations processes to stress
induced ordering of interstitial atoms around the metallic matrix. (Financial support: CNPq and
FUNDUNESP).
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INTERNAL FRICTION IN PURE IRON NITROGENATED BY DIFFERENT METHODS

A. Ghilarducai!, A. Vertanessian!, J. Feugeas?, G. Sdnchez?

(1) Centro Atémico Bariloche, cComisidn Nacional de Energia Atémica,
Instituto Balseiro and Consejo Nacional de Investigaciones Cientificas
y Técnicas, CC 439, (8400) BARILOCHE, R.N., ARGENTINA.

(2) Instituto de Fisica de Rosario, Universidad Nac. de Rosario,
Consejo Nac. de Investigaciones Cientificas y Técnicas, Av. 27 de
Febrero 210 bis, (2000) ROSARIO, Santa Fe, ARGENTINA.

A method for the determination of Nitrogen in solid solution
using internal friction in ion implanted pure Fe, is presented. It
allows also the indirect determination of some combined nitrogen (Fe
nitride concentration).

It consists on measuring the Snoek relaxation during
isothermals at low frequencies in a sub resonant forced pendulum. The
polycrystalline samples are nitrogened by ion implantation or by
annealing in ammonia atmosphere.

Chemical analysis by vacuum fusion technic are necessary to
check the proportionally factor between the internal friction height
and the interstitial nitrogen content. It is assumed that the samples
are not textured and that the nitrogen is completly disolve by an
annealing in inert atmosphere,

This kind of evaluations could be useful for characterizing
nitrogened bcc metals in relation to certain applications vhere
mechanical properties could be altered by the free nitrogen content.

Pi1-6
RELAXATION SPECTRUM AND PROPERTIES OF MARAGING STEELS WITH SILICON

S. Golovin, D. Levin, N. Fomichjeva

State Technical University, TULA, Lenin avenue 92, RUSSIA.

The temperature dependence of internal friction (IF) of Fe-Cr-Ni alloys with
different silicon content have been investigated. The measurements of IF were
carried out for plasma powder spraying specimens. A resonance kHz-installation
(amplitude deformation 10°-107, temperature range 20 - 700°C) and low-frequency
reverse torsion pendulum were used for investigation.

The temperature spectrum of IF was studied for specimens, first, after spraying
and second, after heating at 100 - 800°C temperature range for 1,5 hour. The
relaxation maximum of internal friction at 50°C (H ~ 13-14 kcal/mol) and phase
peak at 550°C were revealed at 1 kHz. The shape and parameters of maximum
depend on heat treatment regimes. The peak nature of IF in connection with
mechanism of solid solution decomposition of the spraying materials during heating
was discussed.

The hardennig of Fe-Cr-Ni-Si alloys during heating has been achieved because
of the precipitation of intermetallic compound phases of NiTi type.
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Q! SPECTRA CONNECTED WITH C UNDER SOLUTE ATOM INTERACTIONS

P. Gondi, R. Montanan

Mechanical Engineering Department-2nd University of Rome
Via della Ricerca Scientifica-Roma 00133 laly

Dynamic modulus and Internal friction spectra vs temperature, have been examined in 11% Cr steel
(MA?ET) after quenching with different cooling profiles from 1348K, in the field of austenite, and above,at
1473K.

The results are interpreted by referring the various Q' peaks, of the Snoek type, to the different numbers
n,from O to 6, of the Cr atoms which may occupy the corners of interstice with C,i.e. to C-nCr associates with
geometry tending to octahedral in martensite. )

Neglecting diffusive motion of the solute atoms during quenching the associates in martensite are con-
sidered directly bounded with corresponding associates formed in the fcc structure of austenite.

A statistical model is discussed according to which C-6Cr associates form or disappear belov_v or aboyc
a critical temperature T, in the y-phase: for a preferential bonding energy of the Cr atoms to C consistent with
the activation energies characterizing the Q" peaks, it results T, to be in the austenite range.The model is
illustrated by snapshots obtained with the Monte Carlo method. . )

Q" spectra obtained after quenching from T>T, or T<T, are presented , which confirm this interpretation.

Further observations regard effects of thermal treatments at high temperatures, with slow c_oohng down
to the y-phase limit and subsequent quenching to room T.The results are consistent with the formation of C-6Cr
associates with characteristics of the bce structure, which may be taken as indication of a high T stage of
martensite nucleation. .

The Intema} friction and dynamic modulus measurements have been accompanied by SEM metallo-
graphy,mechanical tests and analyses of the X-ray diffraction lines, in general consistent with the above men-
tioned interpretations.

Pi-8
STABLE RELAXATIONS IN MULTIPHASE Al-Zn ALLOY

X.F. Zhu, L.D. Zhang

Institute of Solid State Physics, Academia Sinica, Hefel 230031, China

The experiment on a forced vibration pendulum reveals the stable damping in &
multiphsss Al-Zn eutectoid alloy as three kinds of relazstion processes: One s
livear, and two are nomnlivear. The characteristics of freguency, amplitute,
temperature, and process activation energy for each kind of relaxation are
presented and the correlation among those relaxations are discussed as well.
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ANALYSIS OF THE SNOEK RELAXATION IN BCC METALS
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(1) Comision Nacional de Energia Atémica, Dto. de Materiales, Av. del Libertador 8250,
(1429) Buenos Aires, Argentina.
(2) Universidad de Buenos Aires, Facultad de Ciencias Exactas y Naturales, Dto. de Fisica,
Pabellén 1, Ciudad Universitaria, (1428) Buenos Aires, Argentina.
Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET), Buenos Aires, Argentina.
(3) Comisién de Investigaciones Cientificas de la Provincia de Buenos Aires (CIC), Argentina.

It is normally assumed in the literature that the Snoek realaxation in b.c.c. metals leads
to an internal friction peak of the Debye type, at very low interstitial contents. By means
of a new measuring technique, however, it is shown that this is not generally the case. This
technique allows a simultaneous measurement of the internal friction against the temperature
and of its derivatives with respect to the temperature and the frequency. The data indicates
that a distribution of relaxation times is present, even for concencrations of few hundreds atomic

Some results for the Snoek relaxation in niobium are discussed in detail, showing that

the parameters of the distribution change with the concentration of interstitials. Finally, the
physical parameters that characterize the internal friction peak are discussed.

P1-10
COMPUTER SIMULATION OF THE STRENGTH OF SNOEK RELAXATION IN TERNARY BCC
ALLOYS

H. Numakura, G. Yotsui!, M., Koiwa

Department of Metal Science and Technology, Kyoto University, Kyoto 606-01, Japan
(1) Present address: OMRON Corp.. Nagaokakyo, Kyoto 617, Japan

Atomistic simulation of interstitial (i) and substitutional (s) impurity atom pairs in bee Fe has been per-
formed to estimate the relaxation strength associated with such pairs. A model bce crystal containing an i atom
and an s atom has been constructed by adopting empirical pairwise interatomic potentials, and stable configu-
rations have been obtained by molecular statics. The energy and displacement field have been calculated for
various neighbour configurations of the i-s pair. When the potential functions are chosen so as the equilibrium
distance between the i and s atoms to be shorter than that between the i and the host atoms, the anisotropy of
the strain field and so the relaxation strength is smaller than for an isolated i atom. The Snoek relaxation profile
can be calculated theoretically from the strain field parameters and the binding energy obtained from the simu-
lation. By comparing the relaxation profiles observed for dilute Fe-Mn-C alloys with calculated ones, the
Mn—C binding energy has been estimated to be of the order of 0.1 eV.
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ZENER RELAXATION IN Cu-Al SINGLE CRYSTALS

A. Rivigre, J. Woirgard

Laboratoire de Mécanique et Physique des Matériaux, URA CNRS n° 863,
ENSMA - POITIERS - FRANCE

The Zener peak was studied in Cu-Al <111> single crystals with Al contents ranging between 3 % at.
and 19 % at., by isothermal internal friction measurements in a large frequency range (104 - 160 Hz).

Between 500 K and 700 K, the relaxation strength has been observed 1o increase with temperature, not
obeying the classical Curie-Weiss law generally observed in solid solutions.

The activation parameters : limit relaxation time and activation enthalpy have been accurately measured
and found to vary with the aluminium content.

The influence of the aluminium content on the relaxation strength was observed and it was shown that the
widely used LeClaire-Lomer relationship is not obeyed except in the lower temperature range.

P1-12
ANALYSIS OF SQUARE FREQUENCY SPECTRA AS A TEMPERATURE FUNCTION

C. R. Grandini, R. M. Fernandes and M.M. Shukla

Depto. de Fisica, UNESP, Bauru, SP, Brazil.

In almost every work showing internal friction as a function of temperature, their authors present only
the results for f2 xTwithnoam.lzsi:oreommem. In this work, we have proposed a reistion between
frequency square and temperature for anelastic relaxation in solids. We bave also verified experimentally
our theory for niobium and tantalum doped with oxygen and nitrogen at low concentrations. (Financi
support: CNPq and FUNDUNESP).
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INTERNAL FRICTION COMPREHENSIVE PROBING OF DEFECTS IN {llI-V SEMICONDUCTORS

V.I. Mitrokhin!, S.1. Rembeza!, V.V. Svindov2, N.P. Yaroslavisev!

<1) Voronezh Polytechnical Institute, Moskovskii pr.,14, Voronezh, 394026,
Russia

(2> Voronezh State Pedagogical Institute, Lenin str.,86, Voronezh, 394611t,
Russia

Internal friction ddF)> measurements in the frequency-temperature
domain bounded by 5 Hz, 50 kHz, 77 K, and 600 K are shown to give rich
information about. defect structure of III-V semiconductors.

Precipitates of the metal component of a III-V compound manifest
themselves in characteristic IF A-peaks arising in frequency range of a
few Hz at the melting point of the metal. Concentration of the
precipitates can be evaluated from height and form of the peak.

Point. defects created due to ion implantation of B, P, As, Zn, and
Fe lead to appearing of corresponding IF maxima.

Existence and state of a cracked surface laver d<(created e.g. by
mechanical polishing) are also reflected in specific [IF pecularities
arising probably due to a non-conservative motion of tips of microcracks
in this layer.

Defects or impurities with deep electronic levels, which compensate
a semiconductor making it to be high-resistive, are accompanied by fine
Debye-form maxima of JF in kHz area. Characteristics of the maxima are
straightly connected with electron structure of the defects and electric
properties of a sample. The physical origin of this phenomenon 1is
relaxation of a plezoelectric fleld <dand, in turn,of an elasticity
modulus - through the reverse plezoelectric efect) involving thermal
emission of charge carriers from the deep levels to a band

P1-14
MECHANICAL LOSS MEASUREMENT ON YTTRIA AND CALCIA STABILIZED ZIRCONIA

M. Weller

Max -Planck - Institut fiir Metallforschung, Institut fir Werkstoffwissenschaft,
Seestrale 92, D-7000 Stuttgart 1, Germany

Atomic defects in cubic ZrO, are a direct consequence of doping with lower valent
cations (10 mol % Y,0; or 16 mol % CaQ) which are required for stabilization of the
cubic phase. Mechanical loss measurements were applied on sixexfle crgstals of cubic
zirconia to study the local cr&s;tallographic structure of atomic defects. imens with
different longitudinal axes ([100), [110], [111]) were measured in torsional (f ~ 1 Hz) and
flexural oscillations (f ~ 1 kHz).

A composite loss maximum consisting of two submaxima is observed: I (x 410 K)
and I, (= 510 K) in ZrO,-Y,O4; I'(x 430 K) and I, (x 515 K) in 2rO,-CaO (f ~ 1 Hz).
The peak heights of maxima I and I' depend on specimen orientation as expected for a
defect of trigona! ({111]) symmetry. This stronglz ?oints to oxygen vacancies located at
nearest neig%bour sites at the dopant atoms which form elastic (and electric) dipoles, i.c.

oY 'zo)'or (Vo'Ca")-pairs, which are aligned parallel to <111> directions. The shape
gctor of the strain cllipps?)lid of the dipolag;\aracterizing the anisotropy and strength of
the local atomic displacements was determined as 5A = 0.12 - 0.14 for yttria stabilized
and 6\ = 0.05 for calcia stabilized zirconia. Loss maxima I, and I, are assigned to larger
clusters of oxygen vacancies with two or more dopant atoms.
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INTERNAL FRICTION AND "S-I" INTERACTION IN NIOBIUM-BASED ALLOYS

N.P. Kushnaniova. S.A. Snejko

Institute of Metal Physics, Academy of Science, Kiev, Ukraine.

Known literature data about substitutional and interstitial
"g-i" atom interaction were received by modelling method, as well as
by comparing experimental results of oxygen atom thermodynamic and
diffusion behavior in salid solution of VA group metal alloys with
theoretical models based on trap consepts /1/. Thus received the "s-i"
solute binding energies A Ex for V-0 pairs in Ta are not in good ag-
reement quantitatively, and for Mo-0 in Ta differ qualitatively.

In the present work the internal friction method /Snoek relaxa-
tion/ was used for investigation of Mo~-0 and V-0 interaction in Nb.
The substitutional solutes concentration C was varied from O to 50
at.%. The complex logarithmic decrement 8 curves were analysed by a
computer and individual Gauss form peaks were obtained as a result.
The last were accounted for by oxygen atoms in octahedral sites, ha-
ving l-nearest substitutional neighbours (1=0,1...6). AEx were cal-
culated by using received data about oxygen atom concentration in
l-position(cl) and the latter concentration Vl in alloys with dif-
ferent Cs.

KH-Mo-0 system. Mo-O interaction - weak repultion, AF’Mo-0=
+ 0.4.2kJ/ml. The increase of Hdif. of O-atoms with Mo being addad
to Nb is due to change of the saddle point energy ( AE'), but not
to AE . Numerical data AE  for different complexes were obtained.
Hdif. coingide with Hmax for correspoding peaks.

Nb-V-0 system. V-0 interaction - strong attraction, chemical
by nature and of local action. AEy g= ~46kJ/ml and AEyy o= -61kJ/ml.
The attraction inside complexes at 1> 3 is markedly weakened, local
action is lost and O-atoms distribution approaches the equilibrium
one. The oxygen jumps around the traps are taking place with the de-
crease of potential barrier on AE". but when escaping from trap the
barrier increases on AE'. The values of AE' and AE" were derived.
As to the structure of potential barrier Hg;, # H o

The obtained data showed different concentration changes of spe-
ctra (S in alloys with weak and strong interactions, explained pecu-
liarities of their investigation with different methods, discrepan-
cles of literature data, the reasons of most model imperfections, etc.

1. Park J., Altstetter C.J. Acta Met., 1986, 34, N1, 143-138,
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RELAXATION STRENGHT OF POINT DEFECTS AT ARBITRARILY HIGH CONCENTRATIONS,
WITH BLOCKING EFFECTS AND FORMATION OF COMPLEXES

F. Cordero

CNR, Istituto di Acustica "0.M. Corbino”, Via Cassia 1216, I1-00189 Roma, Italy

A new derivation of the relaxation strength for anelastic and dielectric relaxation of
point defects is proposed, and the calculation is extended to cases not yet treated; the
formulas reported in literature can be obtained as particular cases. The relaxation strength
is expressed as the sum of the contributions of all the pairs of configurations which the
defect can assume. The case of arbitrarily high concentrations with blocking, short range
interactions and formation of defect complexes is also treated, and the formulas of the
partial concentrations of the various defect configurations are provided. The proposed
approach 1is useful if the formation of complexes and the short range interactions occur
within independent cells or subsystems into which the crystal can be divided. Two specific
cases are discussed as applications: the anelastic relaxation of a four-level tunnel system
and of interstitial hydrogen in the hcp rare earths with the formation of H pairs.

REFERENCES

F. Cordero, Phys. Rev. B 47, 7674 (1993).
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STUDY OF THE DISLOCATIONS RELAXATION PEAKS IN EASY GLIDE DEFORMED SIL.VER

SINGLE CRYSTAL HAVING DIFFERENT LENGHT TO WIDTH RATIO
W.E. Alnaser, M\M. Zein

Department of Physics, College of Science, University of Bahrain, P.O. Box 32038, Bahrain

ABSTRACT

The dislocation relaxation peaks in deformed single silver crystals of orientation <110> i.e.
easy glide, with length to width ratios of 8:1, 6.5:1, 4.9:1, 4:1 and 1.1 have been studied.
These relaxation peaks have been measured at frequencies 5, 10 and 30 MHz. The results
showed that a crystal with the ratio 8:1 produced highest dislocation relaxation peaks at
relatively higher temperature. As the ratio decreased, the peak height decreased nearly linearly
when the measurements were carried out at 5 MHz. At frequencies 10 and 30 MHz, the peak
height fell dramatically for ratios less than 8:1, after which it decreased very little (nearly
undetectable). The large dislocation relaxation peak height which occured at relatively higher
temperature in the sample of ratio 8:1 was attributed to the long dislocation loops formed

during deformation. These loops seem to become shorter as the length to width ratio
decreases.

P2-2

AMPLITUDE-DEPENDENT DAMPING AND ACOUSTOPLASTIC EFFECT DURING PLASTIC

DEFORMATION OF ZINC SINGLE CRYSTALS
A.B. Lebedev, Yu.A. Burenkov

A.F.loffe Physico-Technical Institute Russian Academy of Sciences
194021 St.Petersburg, Russia

Amplitude dependences of the internal friction and of the acoustoplastic
effect (APE) during plastic deformation of 2n single crystals have been
investigated. In situ measurements have been made by the composite oscillator
technique at frequency of about 100 kHz using automated computer-controlled
setup. Rod-shaped samples oriented along [0001] axis were deformed by
three-point bending. Ultrasonic standing wave has no shear component in the
basal plane whereas static deformatlon is provided mainly by basal slip. The
acoustoplastic effect (i.e. the decrease of the static load) 1is clearly

-5

registered at vibrational strain amplitudes €, > 10 The rise of internal

friction begins to appear at the amplitude approximately an order of magnitude
lower. The results obtalned can not be explained within the framework of both
conventional superposition theories of APE and recent suggestion (1] on
proportionality of the value of static stress decrease to the
amplitude-dependent internal friction. The concept of local heating under
influence of ultrasound is also concluded to be unable in explaining the
mechanism of APE. Alternative mechanisms such as an easier dislocation glide
through vibrating dislocation forest or an easier overcoming of vibrating
peint obstacles are discussed.

The changes in the amplitude-dependent decrement were not proportional to
the changes in the amplitude-dependent modulus defect during deformation,
unloading and reloading. This behaviour may be explained by a small (near 1 K)
heating of the sample under the influence of ultrasonic vibrations.

[1] T.Ohgaku, N.Takeuchi, Phys.Stat.Sol.(a}, 105, 153 (1988).
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NON-LINEAR DYNAMICS OF DISLOCATIONS IN INTERNAL STRESS FIELDS AND
MECHANICAL SPECTROSCOPY OF CRYSTALS

D.A. Kamaev, V.M. Chernov

Institute of Physics and Power engineering,
Obninsk,249020,Russia

The viscous glide of a dislocation in a non-linear potential field
«the Pelerls or point defect reliefs) under variable external loading is
considered. Qualitatively new effects are initiated under the influence of
the minor oscillating components of an external stress on the dislocation.
A finite number of sieady staute oscillating regimes (dynamice’''y equilib-
rium states - DES) are excited. Balance between energy accumulation due to
external oscillating stiress and energy dissipation 'ue to viscous drag 1s
obtained in a DES due to the non-linear feature o. interna. potentials.
The number of dynamically equilibrium states 1s determined through the E -
rameters of the "dislocation-barrier" system (the force-distance profile,
viscous drag constant, etc.) and the form of the external osc llating
stress component. The frobability that dislocations breek away from bar-
riers, glven rise t?gf asticity, .ncreases due to transitions of the dis-
locatlion from one DES to another one due to superimposition of various
weaker effects (step-by-step barrier surmounting).

The non-linear nature of the "dislocation-barrier" aystem can also
cause the dislocation stochastic oscillations induced by the alternating
external stress. Such oscillations are characterized by continuous rre%u—
ency spectra. Excitation of stochastic oscillaticns also facilitates fhe
process of overcomlng obstacles by the dislocation.

The possibilities of the experimental discovery (the peculi~rities of
the mechanical spectroscoey) of non-linear dynamics of the dislo.ation and
the peculiarities of the “dislocation-barrier™ structure are discussed.

P24
ULTRASONIC EMISSION DURING THE CRACK PROPAGATION IN SOLIDS

K.A. Chishko

Institute for Low Temperature Physics & Engineering Ukrainian Academy
of Sciences, 47. Lenin Avenue, 310164 Kharkov, Ukraine

Sound radiation fields (the wave asymptotics of displacement velocity field and the
stress field) generated by thin cracks propagated in infinity isotropic elastic medium are
calculated. The brittle crack was replaced by the equivalent flat dislocation pile—\.ip to
interpret this crack as emission source. The pile-up includes continuously distnbu?ed
dislocations with infinitesimal Burgers vectors. The dislocations perform nondiffusive
climb in the direction of the crack beach broaderming. Let the crack be the infinite band
parallel to z-axis and laying in the XoZ-plane. Let also the crack width in the x-
direction be known as the function of the time, 2L(t). If the speed of the crack
propagation is sufficiently small, V = gL/t « < (ct is the velocity of shear sound

waves) the dislocation density in the equivalent pile-up can be depicted by kunown

quasistatic function (Xx,y,t) = Zaxﬁ(y){l.z(t)-xz)_' lz(a = p(1-O)/ W p is extenfal pressure
applied to the crack, )i is shear modulus, U is Poisson ratio). Sound irradiation fields

generated by crack at the distance R = (xz+ yz)l 72 & L, were calculated using dipole

approximation similarly the generally accepted procedure developed in the theorvy of w?ve
radiation. The above-mentioned crack emits the cylindric shear and pressure waves with

amplitudes o {D(P)/ R} 3°p(t)a> (here D(t) = aL’(t) is the dislocation dipole momentum
per unit length of the crack, QXQ)) describes the angle distribution of sound radiatiom, ¢
is polar angle measured from positive direction of x-axis). Notice, that the intensity of
sound radiation from a crack depends on the second time derivative of dipole momeotum D.
On the other hand, the magnitude of D is proportional to the free volume of crack.
Directional diagrams Q(p) are sufficiently different for shear and pressure components of
total emission. This property can be used for the experimental controlling of crack
acoustic emission which accompanies the fracture processes in real solids.
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DISLOCATION DAMPING AND ASSOCIATED MODULUS DEFECT IN COPPER CRYSTALS

A.OM. Gobbi !, J.A. Eiras?
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Montevideo - URUGUAY
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It is well know that the ultrasonic attenuation and modulus defect in pure
cooper crystals is due mainly to the dislocations in the crystal. Measurements of the
dislocations ultrasonic damping and modulus defect in MHz-range, in deformed
cooper, showed that it is resulting of two contributing mechanisms: dislocation
resonance (kink chain) and dislocation relaxation damping (Bordoni relaxation).

In his work criterias are presented to separate the contributions of each
mechanism. Resuits obtained in <110> and <111> deformed cooper single crystals
revealed: a) the resonance damping depend on the frequency and the deformation;
b) the Bordoni peak width is around twicv a Debye peak

P2-6
AMPLITUDE DEPENDENT INTERNAL FRICTION IN COPPER AT ULTRALOW
TEMPERATURES

P. Konig, P. Esquinazi, D. Valentin, F. Pobell

Physikalisches Institut, Universitit Bayreuth, D-8580 Bayreuth, Germany

We liave measured the amplitude dependence of the internal friction and of the modulus of polycrystalline
copper at 300-400 Hz in the temperature range 0.06 mK < T <900 mK and in the maximum strain range 3 10’
<e<710™ QOur results show that a T < 300 mK the internal friction
Q'=e”"withn=0412002fore>3 10 independent of temperature, eg Q' (T<300 mK)
=10~ fore= 5 107°. For lower strains Q' deviates from this dependence and tends to saturate; this deviation
is larger the higher the temperature. The results will be discussed in terms of mechanical break-away and quan-

tum-mechanical tunneling of dislocations. The temperature and strain dependence of the Young modulus re-
semble those of amorphous insulators as found for other polycrystalline metals.
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LUBRICATION MECHANISM AND THE RESTAURATION OF BORDONI| RELAXATION IN Al
6N DEFORMED AT 7K

A A. Ghilarducci!, P. Navarro!, W. Benoit?
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Balseiro and Consejo Nacional de Investigaciones Cientificas v Técnicas, CC.439. 8400
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(2) Institut de Génie Atomique, Ecole Polytechnique Fédérale de Lausanne, CH-1015
LAUSANNE, SWITZERLAND.

Internal friction. dynamic modulus and plastic strain measurements were performed in high
purity Al (6N) deformed at 7K, m order to study the lubrication mechanism in the dislocation
mobility and its evolution with point defects recovery. at low frequencies (10~2 to 10Hz).

The plan consisted in isothermal stair-like annealings from 7K to 100K after 0.13% defor-
mation by cycled torsion *in situ”™ at 7K.

Just after deformation, an important decrease in the dyvnamic modulus (softening) is ob-
served. It confirms the existence of a lubrication process for the dislocation mobility assisted
by vacancies produced during deformation.

Two different eflects can be appreciated: an increase in the softening between 7 and 30K.
and a partial recovery between 40 and 85K. These results can be interpreted in terms of a
kink pair formation mechanism associated with the creation of an interstitial and a vacancy,
as predicted by Quenet, EPFL Thesis 1992. The softening in the first range can be attributed
to the increase in vacancy concentration, while the recovery in the second one. to the partial
annihilation of vacancies due to the interstitial migration. -

The complete restauration of Bordoni relaxation is produced at 100K when vacancies mi-
grate along dislocation pipes.

P2-8
THE MODEL OF DISLOCATION AMPLITUDE-DEPENDENT INELASTICITY AND THE
AMPLITUDE-FREQUENCY SPECTRA OF INTERNAL FRICTION IN CRYSTALS

S.B. Kustov, S.N. Gotyandin

A.F.loffe Physico-Technical Institute Russian Academy of Sciences,
Politechnicheskaja 26, St.Petersburg, 194021, Russia

The experimental study of low-frequency amplitude-dependent internal fric-
tion (ADIF) and reversible dislocation strain in alkali-halides [1], fecc (alu-
minium) and hep (zinc) crystal served as a basis for rheological model of amp-
litude and frequency dependent ADIF and Young modulus defect (YMD). This model
was of unlocalized friction type and the concept of effective and internal
stresses both contributing to ADIF was used. Attempt has been made to extend
proposed model from quasistatic and low-frequency range to the ultrasonic one.

Comparison of calculated ADIF, YMD and stress-inelastic strain hysteretic
loop, with experimental data on ADIF, YMD and experimentally observed 1in
alkali-halides dislocation electric polarization was performed for ultrasonic
range. It has been shown, that at ultrasonic frequencies the dependence of
inelastic strain rate on effective stress does not obey the formalism (1],
valid for macroscopic and low-frequency range. The conclusion was made, that
at ultrasonic frequencies significant role in ADIF belongs to dislocations,
athermally overcoming pinning points.

The rheological model was modified to cover wide frequency range. The
qualitative microscopic model was proposed, in which dislocations overcome
weak pinning points athermally, and pinning points with high interaction force
in thermally activated way ([2]. The restoring force due to reversible change
of internal stress fields, li.e. dislocations interaction, was introduced to
this unlocalized friction ADIF model. The simplifications arnd limitations of
the model were also discussed.
1.S.N.Golyandin,S.B.Kustov. Fiz.Tverd.Tela (Sov.Phys.Sol.State),1992,34,N12.
2.G.Gremaud. J.de Phys.,1987,48,Col1.C8,C8-15.
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THE POWER SPECTRUM ASSOCIATED WITH A KINK CHAIN OSCILLATING IN A
NONSTOKESIAN ATMOSPHERE OF PARAELASTIC INTERSTITIALS

R.M. Giingor, T.O. Ogurtan

Middle East Technical University, Ankara, Turkey

The power spectrum of a geomelric kink chain oscillating in an atmosphere of paraelastic
interstitials which shows strong non-Stokesian viscosity regime in the strain amplitude
dependent region is investigated numerically by utilizing Fast Fourier Transformation
technique. Above a sharply defined threshold value of the strain amplitude, the odd-
harmonic generation is observed only at the low temperature side of the dislocation
relaxation peak. For high strain amplitudes, strong enhancement in the 9th and 11th
harmonics, and the complete depression of the rest are seen very clearly during the
computer simulations. Finally, the onset of quasi-chaotic kink oscillations are detected in
the phase diagram while system strongly driven in the super-Snoek regime where the
atmosphere tearing takes place.

P2-10
AMPLITUDE DEPENDENT INTERNAL FRICTION IN DILUTE COPPER ALUMINIUM ALLOYS
WITH THREE KINDS OF PEAKS

K. Ishii

Nagoya Bunri College, Sasatsuka-ché 2, Nishiku, Nagoya 451, Japan

Amplitude dependent internal friction was measured oa dilute copper aluminium alloys
using a torsion pendulum at about 1.6 Hz and between 300 K and 90 K. The concentration of
aluminium was from 0.01 to 1 atomic per cent. After annealed and set in the pendulum, the
specimen was twisted in situ to a small extent.

Three kinds of peaks were observed:

(1) Peaks in the amplitude dependence. The curve for the internal friction vs. ampli-
tude had a maximum, a broad peak. The peak shifted to higher amplitudes, and the peak
height increased, as the concentration increased.

(2) Peaks in the concentration dependence. It was shown that the amplitude dependent
internal friction replotted against concentration also had a peak. The peak shifted to
higher values of concentration, and the peak height increased, as the strain amplitude
increased.

(3) Peaks in the temperature dependence. As the temperature decreased from 300 K to
90 K, the peak in the amplitude dependence shifted to higher amplitudes, and the peak
height increased. It was shown that the internal friction replotted against temperature
also had a peak. The peak shifted to lower temperatures, and the peak height increased,
as the amplitude increased.

These results were interpreted in terms of the relaxation of dislocation in random
solid solutions.
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WEAKENING AND ENHANCING EFFECTS OF SUBSTITUTIONAL ELEMENTS ON SNOEK-KE-
KOSTER DAMPING

Ji Jingwen
Department of Physlcs, Northeast Unlversity of Technology, Shenyang, China.

The Snoek —Ke — Koster (SKK) damping peaks in Fe—~N, Fe—P—-N, Fe-P-La—N
alloys and the commerclally pure iron with and without mischmetal (RE) were studied.
It was found that for the Fe—~P—N alloy. there existed the following expressions: hy=
(K,Cp "?*+K;)h,, and 1 =K,TC.C,”*"%exp (H/kT) , as well as the activity energy H
and the peak temperature T, decreased continuously as Increasing of C,; here C, and
C, were the concentrations of both solld solution N and P, respectively; hax 8nd h,
were SKK peak height and Sonek peak one, and K,, K;, K, were all constants. It was
different from binary system that here the ratlo hyyx/hs Is 3 function of C,, but no s
given value. These Indicated that the P of solid solution in the alloy had a strong
effect weakening SKK damping. Experiments showed that the RE In commerclally pure
iron also had the same weakening effect. It was seen, froma comparison between the Fe
—P alloys with and without La, that the La In the alloy had an effect to enhance SKK
damping. It was polnted out that SKK peak was caused by the string vibration of non-—
screw dislocations drawing Contreil atmosphere of iInterstitial solution, and the reasons
to produce the effects weakening and enhancing SKK damping were due to varled C,,
C, and /or the length of the dislocation segments by interactings between different
substitutional elements and between substitutional and Interstittals , and /or by
substitutional atoms pinning the distocations.
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PHOTOACOUSTIC PROPERTIES OF Hgl, SINGLE CRYSTALS AT DIFFERENT LEVELS OF
ULTRASOUND STRAIN AMPLITUDES

B.K. Kardashev

Ioffe Physico-Technical Institute of Russian Academy of Sciences,
194021, St.Petersburg, Russia.

Amplitude and time dependencies of ultrasonic damping and Young modulus of
HgI2 single crystals are investigated at room temperature by means of

composite oscillator technique at frequency of longitudinal vibrations of
about 100 kHz. It 1is found that acoustic parameters such as damping and
resonant frequency of the sample (Young modulus defect) are strongly
influenced by light. The spectral response of photoacoustic effect at small
amplitudes (amplitude independent damping range) is appeared to be almost the
same as that of photoconductivity. It is shown that the behavior of the effect
at high amplitudes (amplitude dependent range) is quite different as compared
with that one at small amplitudes. It 1is supposed that one can explain
photoacoustic properties of Hg12 by pinning of dislocations by centers which

are created under light due to photoelectrons or holes.
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NONLINEAR MECHANICAL RELAXATION ASSOCIATED WITH DISLOCATION-POINT
DEFECT INTERACTION

T.S.Ké

Laboratory of Internal Friction and Defects in Solids,
Institute of Solid State Physics, Academia Sinica, Hefei 230031, China

By nonlinear mechanical relaxation we mean that property of solids in virtue of which mechanical
relaxation is accompanied by a nonlinear relationship between stress and strain, so that a strong
amplitude effect is exhibited even under low stress levels. The amplitude effect is referred as anomalous
when the relaxation strength decreases with increasing strain amplitude. This gives rise 1o the so—called

anomalous internal friction which was observed for the first time by K& in his study on the internal fric-
tion associated with the interaction between dislocation and point defect. It was found that an
*amplitude peak” (versus strain amplitude) co~exists with the “temperature peak” (versus temperature).

This paper reviews the experimental results on the anomalous internal friction peaks observed in
cold—worked and partially annecaled aluminium containing Cu or Mg as point defects (solute atoms),
with emphasis on the recent progress in the last ten years carried out in China. The fundamental prob-
lems tackled and answered include: (1) Whether the nonlinear anomalous internal friction is associated
with an activation energy? (2) Where the solute atom atmosphere interacting with the dislocation is lo-
cated? (3) What is the mode of diffusion of the solute atoms under the action of applied stress and the
stress ficld of the dislocation? (4) Is the point defect constituting the atmosphere a single one or a com-
plex one? (5) What is the origin and the mechanism of the anomalous internal friction peak?

In the course of intensive study, a series of seven internal friction peaks concerning
dislocation—point defect interaction were observed. These peaks are related to each other. A unified “dis-
location kink—point defect atmosphere” model with a *following, dragging, breaking” process was sug-
gested for these seven internal friction peaks so that the specific explanations for each peak are self—con-
sistent and support each other.

P2-14
COMPUTER SIMULATION OF THE GLIDE DISLOCATION MOVERMENT THROUGH
ENSEMBLES OF LATTICE IMPERFECTIONS UNDER COMPLEX LOADING CONDITIONS

LG. Khanin, B.M. Loginov

Kaluga Branch of Moscow State Technical University,
ul.Bazhenova 4, 248600 Kaluga,Russia

Some features peculiar to the glide dislocation moverment through a forest of dislocation
and a random ensemble of prismatic dislocation loops performing forced oscillations are analysed
by computer simulation with respect to crystals having NaCl lattice and h.c.p. structure. The
forest dislocation and dislocation loop ability to perform forced oscillation is shown to increase
the transparency of corresponding ensembles. A critical value of dislocation loops forced
oscillation amplitude, when the ensemble of dislocation loops becomes completely transparent
for glide dislocation is determined. The existense of two amplitude ranges for the forest
dislocation oscillation is established, with dissimilar weakening mechanisms occuring in each
of them. Some regularities are discussed describing the dependence of the process characteristics
on the forest structure and fine structure of inner stress fields.



P2-1§
SLIP LINES MOBILITY AND PLASTICITY OF CRYSTALS UNDER ALTRNATING STRESS
LOADS

V.P. Kisel

Institute for Solid State Physics, Russian Acad. of Sciences,
142432 Chernogolovka, Moscow distr., Russia

The effect of the compressive and compressive-tensi st.regies 6 of different
types and values (6 = (0.25 to 100)-6'P, 6 = 10 ° to 10 MPa's »6p is the yleld

stress) on both the mobility of slip lines (mean pathlength L(j), mean number N(j), J

is the ordinal number of loading), and the macroscopic work-hardening of very pure (P)

and impure (I} NaCl single crystals has been studied as a function of temperature

T=4.2, 77 and 298 K. The crystals were loaded by quasi-static, impulse, impact and

ultrasonic (with different frequencies) treatments. It turned out that:

1. The dependences L(j,6,§,T) change synchronously with N(j.6.¢,T) and usually exhibit
a non-monotonic character with gradual fall of maxima and minima.

2. The attenuation of L, N(J) is more prominent then that of individual dislocations,
for low & ,&,T, compressive stresses, in I-NaCl and predeformed crystals. The
stresses to start the dislocation unpinning (6'8) and multiplication (G'H ) are

strictly correlated in each case of above deformations.

3. In the slip lines there remain small dislocation loops that are, sometimes,
revealed in a shallow etch pits ("the memory effect"). 3

4. Such effects are observable in f.c.c. metals, semiconductors and solid He, etc.
They are explained by the general model of dislocation motion, drag and

multiplication by means of their cross-slip, motion of Jjogs and bowing the
obstacles.

P2-16
THE DISLOCATION-CRYSTAL DEFECTS INTERACTIONS AT EXTREMELY LOW AND HIGH
TEMPERATURES

V.P. Kisel

Institute for Solia State Physics, Russian Acad. of Sci.,
142432 Chernogolovka, Moscow distr., Russia

The work deals with micro:aand macrodeffrmation of NaCl single crystals in the
temperature range T = (1.27-10 to 9.5-10 )Tm ('1'ln is the melting point).

obtained results are compared with the published and unpublished data on dislfcauon
mobility and_anlcrodeformg*ion in normal and superconducting Zn and crystalline He at

T = (6.45-10° " + 9.97-10 © )T .
n 3 4

The same character of microdeformation curves in solid He~ and He, and insulating
metal, semiconductor and superconductor crystals is confirmed by the general conditions

Gs'.”' & ) = const 6'p(T. &) (»)

for these crystals, where & is the stress rate, Gst is the stress to start the dislo-

cation unpinning (or microdeformation) in the scales of observations by dlfferer_\a
methods: etch-pit technique (g}slocatlon pathlengths 1>1 Mm or_,fieformations e 2 10
electron microscope ( 1 =~ 10 yun).' internal friction (e =10 ), 6'p is the yield

stress (e = 10-3).
Conditions (#) confirm the unity of the micromechanisms of dislocation motion,
multiplication and strain hardening and their natural interconnection with the

Orowan bypassing the obstacles and cross-slip of dislocations in different classes of

solids. These correlations contradict the mechanisms of quantum, viscous drag and
inertia effects in the low-temperature deformation of different classes of crystals.

The data on extremely low-temperature (in the units of Tm) deformation and

- - =3
structyre of dislocatjons in solid he} ium (10 1 ), LiF (s-10* ), NaCl (1.3-10

), Nb

(5-10 "), Mo (1.7-10 ), St (2.5-10 ) and particularly in Cu (210 ) confirm "the
model of microprecipitate hardening”. It allows one to predict thermally activated dis-
location motion with a finite but still vanishing activation energy down to the tempe-

ratures of disappearance of thermal expansion mismatch between precipitates and any
matrix. In the last case like at T = T- the lattice friction must be extremely low.
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THE MICRO- AND MACROPLASTICITY OF SOLIDS AT LOW TEMPERATURES

V.P. Kisel

Institute for Solid State Physics, Russian Acad. of Sci.,
142432 Chernogolovka, Moscow distr., Russia

_The igvestiggtions were carried out on the effects of shear stress T, stress rate

< (10 to 100 MPa/sec) and temperature (T = 1.3 to 298 K) on the deformation j“and the
parameters of dislocation motion and multiplication (mean pathlength 1 and mean number
n of mobile dislocations, mean pathlength L and width d of slip bands, mean density N
of dislocations per slip band and density S of slip band sources) in plastic (P) and
very plastic (VP) LiF and NaCl, P-KCl, KBr, Kl and Rbl single crystals. As usual the
dependences 1,n,fL,N,S,d (T,¢t,T) have two main stages from the general [-shaped fora.
In P-crystals the sequence of stages corresponds to the so-called "parabolic”
work-hardening at a single glide like in Cu single crystals with small particles of

5102. and in VP-crystals this sequence corresponds to the so-called “easy glide and

linear work-hardening”. At all T, ¢ and 10" MPa s T s 64 MPa the conditions Ty T

T, IC) = const 'I:P (¢, T, IC), ’cl.n.L.N.S,d {z,T,IC) = const’C}(f.T,lC) are fulfilled,
where IC is the impurity state and concentration, 't'H is the stress to start the

multiplication of the first dislocation, ‘CP is the stress required to start the

multiplication of p mobile dislocations, 'Cl are the deforming stresses at

oy ,L,“.s.d
1,n, ,L,N,S,d=const. This fundamental propertyy‘of micro- and macro-yield curves (in be-
ing similar to each other and to themselves at different points they occupy as the fufr-
ction of & ,T,IC ) confirms the unity of micromechanisms of dislocation motion, mul-
tiplication and macroscopic work-hardening and their close interconnection with
cross-slip and climb of dislocations. The athermal bypass of the obstacles (impurity
microprecipitates, microvoids, jogs, etc.) forms the -distribution of the dislocation
segment lengths and the sigmoidal shape of l.n.f.L,N,S. al7T, ¢, T).

P2-18
THE CORE STRUCTURE OF DISLOCATIONS AND THE PLASTICITY OF SOLIDS

V.P. Kisel

Institute for Solid State Physics, Russian Acad. of Sci.,
142432 Chernogolovka, Moscow distr., Russia

The investigations were girried 0\? on thgleffects of shear stress 1:'(10“3 )1233 sT
s 64 H_??), stress rate ¢ (10 to 1 MPa-s ) and temperature T = (1.27-10 to

9.5-10 )Tm (Tm is the absolute melting point) on the dislocation motion and multipli-

cation in different NaCl single crystals.
For all T, ¢, T, thermal treatments of the samples (quenched or annealed ones, QA)
and crystal predeformation at different T(PD))the conditions

(=) T_(¢. T, QA, PD) = const T, (&, T. QA PD)

are fulfilled: ‘L‘s is the stress to start the dislocation unpinning.TH is the stress to

start the multiplication of dislocations. Correlations (#) are strictly the same for
insulating, semiconducting, metal and superconducting crystals, 15c1uding ihe data from
amplitude-dependent internal friction measg.gements (for _goud He and He, metals,
etc.). The disferent slopes of () at T= 10 "G and T> 10~ G (G is the shear modulus)

are concerned with the difficulties of dislocation multiplication at low stresses.

The numbers of cross-slip events q on screw dislocations and the probability p of
the transition of dislocations from the cross-slip plane into one of the primary slip
planes correlate with deformation stress in the same way for LiF, NaCl and Cu cryst;ls
at T=4.2 to 300 K. ‘

The last fact confirms conditions (®) and their connection with cross-slips and
the Orowan lowing of dislocations nearby the obstacles (nano-precipitates, jogs, etc. ).
These mechanisms are universal for all stages of micro- and macrodeformation and
explain different te-peraturo_gependegn;ea of plastic flow and extremely low estimdtes
of lattice friction (‘Z."f ~ (10 7 to 10 )G) in solids.
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THE EFFECT OF Cu AND Zr ON INTERNAL FRICTION OF AtMgZn ALLOY

S. Kiss, 1.Z. Harangozd, L. Fazekas

Kossuth University, Dept. of Solid State Physics, H-4010 Debrecen,
P.0.Box 2. Hungary

Internal friction (i.f.) and dynamic modulus (dm.) of Al 2.0%Mg, 5.7%Zn,
0.008%Ti type alioys were investigated in as cast, extruded and rolled state.
The measurements were made in an inverted torsional pendulum between room
temperature (RT) and 600°C. Beside the master alloy (M marked above) the effect
of additional Cu (¢ - 0.35%Cu; C - 1.4%Cu) and Zr (CZ - 1.4%Cu + 0.14%7Zr) was
also investigated. ) )

Without any previous heat treatment in all the three as received
state monotonously increasing i.f. and decreasing d.m. was observed above
RT. Relaxational peak did not appear  near tl_l‘e usual  Ké-relaxation
temperature range. The i.f. value (being about /5-10/10" at RT) increased to
about f200-400/* at 300°C for the cast and the extruded materials. The
additional alloying elements increased the i.f. and this parameter was bigger
for the cast materials. The Zr containing alloy do not follow the above trends.
All the rolled alloys showed much bigger i.f. and lower relative d.m. at about
300°C (about 2000-10 and 0.35-0.5 respectively).

For all materials and starting from any conditions irreversible i.f.
decreases  and d.m. increases  were  detected due to  recovery and
recrystallization  processes during the measurement. The temperature range of
these transformations are (440-510)°C for the cast, (400-480)°C for the
extruded and /290-320/°C for the rolled material.More alloying content increased
the transformation temperature except for the Zr containing rolled alloy.

Heat treatments between 300 and 600°C reduced the if. in different amount
and caused an appearence of relaxational peaks at about 400°C. The only unusual
behaviour was found again for the Zr containing material which showed an
anomalous amplitude dependence as well. From the above and other investigations
too we can conclude that the CZ alloy might have a good superplastic character.

P2-20
DISLOCATION INTERNAL FRICTION, ACOUSTOPLASTIC EFFECT AND THE SIMILARITY
LAW BETWEEN THE TEMPERATURE DEPENDENCES OF MICRO- AND MACROYIELD
STRESSES IN SILICON BRONZE

P. Kopania!, S.B. Kustov?, A.B. Lebedev?, S. Pilecki!, K.V. Sapozhnikov3

1) Institute of Fundamental Technological Research, Polish Academy of Sciences
Swietokrzyska 21, 00 049 Warsaw, Poland
2) A.F.loffe Physico-Technical Institute, Russian Academy of Sciences
194021 St.Petersburg, Russia
3) Institute of Physics and Power Engineering, 249020 Obninsk, Russla

Polycrystalline sllicon bronze has been investigated to obtain the
comparison of acoustic properties with the mechanical ones. The experimental
program included study of the peculiarities of internal friction (IF) and
Young modulus during successive deformation of the samples of two
compositions, simultaneous registration of amplitude dependences of IF and of
the acoustoplastic effect (APE) directly during plastic flow of the samples,
the measurements of the amplitude-dependent IF and of the macroscopic flow
stress within the temperature range 6 - 300 K.

The behavior of IF and Young’s modulus during successive deformation and
annealing can be explained by the conventional concept of increase of number
of depinned dislocations with strain. Some differences for two alloys were
discussed. The threshold amplitude of APE can be clearly visible and this
amplitude (in contrast to the data obtalned earlier on varlous single
crystals) 1s higher than that for amplitude-dependent IF. This disagreement
can be explained by the difference between barriers for dislocations during
micro- and macroyielding in polycrystals. Nevertheless, the similarity law
between the temperature dependences of micro- and macroyleld stresses (found
recently in variety of single crystals (1)) holds in silicon bronze as well.

(1] A.B.Lebedev, S.B.Kustov, Phys.Stat.Sol.(a), 116, 645 (1989).
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THE PROBLEMS ON THE PEIERLS POTENTIAL IN FCC METALS

T. Kosugi

Laboratory of Crystal Physics, Faculty of Science, Hiroshima University
Higashi-Hiroshima 724, Japan

Since the Bordon: peak had been found in FCC metals in 1949 and the kink pair formation (KPF) mechamsm
had been proposed for it 1n 1956, the Peierls potential has been investigateed in various crystals. According to
the recent aspect, the Bordom peak around liquid mitrogen temperature in FCC metals 1s generally believed to be
due to the KPF of dislocations to the Peierls potential and the y peak above room temperature in BCC metals 1s
virtually accepted to be due to the KPF of screw dislocations.

However, while the y peak provides the reasonable magnitude for the Peierls stress v, («10-2, u is shear
modulus) which agrees well with the esumated value [rom the low-temperature yield stress, the Bordom peak
provides rather large t, (= 10-3 ) compared with the suggested value from the plasticity of pure matenals (= 10-
M.

This senous discrepancy has been tned 1o overcome by researchers just recently. From the point of view that
the Bordoni peak should give the true Peierls potential, the 1dea of a lubrication mechanism is considered by
Benait and co-workers. The influence of inertial effects is also investigated by Nabarro, and Suzuki and
Koizumi.

On the other hand, trom the point of view that a new internal fricuon peak found at 11 K for 53 kHz in pure
aluminum 1n 1989 may be the KPF peak, we have been able to derive a reasonably small 1 (w 3x10-5y)
comparced with the plasticity measurement. In addition we have found that the 11 K peak sauslies all the features
predicted from the KPF theory.

We would like to discuss the similanty and the difference 1n behaviors between the Bordoni peak and the 11
K peak quanutauvely based on the KPF theory.

P2-22
ACCURATE DETERMINATION OF DISLOCATION-SOLUTE INTERACTION PARAMETERS IN
Fe-C AND Fe-C-B OBTAINED FROM THE AMPLITUDE DEPENDENT INTERNAL FRICTION

D. Levin, S. Golovin, I. Kanunnikova

State Technical University, Lenin avenue 92, Tula, RUSSIA

The aim of the present work is accurate determination and comparative

analysis of dislocation-impurity interaction parameters in Fe with low content of
B and C. The investigation was made in temperature range of thermally assisted
dislocation unpinning which is in agree with the internal friction model of Granato
and Lucke (Appl. Phys. 52, 7136 /1981/). The binding energy of dislocation and
point defect UB, mechanical breakway stress (at 0 K) tm, up limit of thermally
assisted internal friction range T, and parameters of the force-distance law was
estimated.

Fe-0.04 wt.% C: U,=080 0.05 eV, 1,/G=25 10°, T,=405 K
Fe-0.059 wt.% C-0.003 wt.% B: U,=0.80 0.05 eV, T _/G=17 10°, T =415 K
It was shown that B atoms are not more effective as a dislocation pinners compare
with C and received value of U, corresponds to the interaction between dislocations
and carbon atoms in Fe. Details of the role of boron in solide-solution hardening
of low-carbon steels are discussed.




P2-23
CRYSTAL WORK HARDENING DUE TO COMPLEX ENSEMBLES OF DISLOCATION FOREST
AND POINT OBSTACLES (COMPUTER SIMULATION RESULTS)

B.M. Loginov, S.V. Tolstyikh

Katuga Branch of Moscow State Technical University,
ul.Bazhenova 4, 248600 Kaluga, Russia

Computer simulation methods have been used to study the glide dislocation movement
through a class of random composite ensembles of forest dislocations and point obstacles in
crystals having NaCl lattice. It has been shown, that as a resuit of varving point obstacies
relative concentration in the composite ensembles, various ensembles of point obstacles with
different power becomes interchangeable in terms of the composite ensembles critical shear
stress and some statistical characteristics of the process. The critical shear stresses for composite
ensembles components have been stated not to be included additively in the total critical stress
for composite ensembles. It has been shown that the sum of squares of critical stress values
for the corresponding one-component ensembles can be applied to the calculation of total
hardening for the composite ensembles under swudy.

P2-24
THE SIMILARITY LAW BETWEEN THE TEMPERATURE DEPENDENCES OF YIELD STRESS
AND MICROYIELD STRESS EVALUATED FROM INTERNAL FRICTION

A.B. Lebedev

A.F.Ioffe Physico-Technical Institute, Russian Academy of Sciences
194021 St.Petersburg, Russia

Various definitions of microyield stress are considered. It is generally
accepted that a precise registration of the onset of plastic flow in both
macro- and microregions is practically impossible. In fact, macroscopic flow
stress is defined as a stress T corresponding to the certain value of
irreversible plastic strain (as a rule, not less than 10—4- 10-3). The same
approach was applied to choose the microyleld stress as a stress ’c providing

a constant level of reversible dislocatlon strain €y It is shown that one can
obtain the temperature dependence vc(T) at very low €4 -10_ 10-8)
from the data on amplitude-dependent internal friction (ADIF). It is shown
also that the temperature dependences of microyield stresses deflined in a
different way (such as L the stress providing a constant value of energy

values (10

loss in ADIF tests or cra— the one at a constant decrement of vibration) differ

from cc('l') in relative units. The similarity law (i.e.the proportionality of
the VC(T) and microyleld stress) have been found for the o-c(T) only [1]. This

proportionality has been observed for a large variety of single and
polycrystals of different crystal lattice, different impurity contents,
orientation etc. The reasons for the similarity law are discussed within the
framework of conventional thermally activated approach and an approach based
on stress-induced plasticity. It follows from the similarity law that
dislocation multiplication is an athermal process.

[1] A.B.Lebedev, S.B.Kustov, Phys.Stat.Sol.(a), 116, 645 (1989).
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SYSTEMATIC STUDY OF NON-LINEAR EFFECTS ASSOCIATED WITH SNOEK-KOSTER
RELAXATION

B. Molinas! . M. Weller2, J. Diehi?, and O. Lambn?

(1) TEMAYV SpA, Centro Ricerche Venezia, Via delle Industrie 39,
1-30175 Porto Marghera (VE), Italy
(2) Max-Planck-Institut fir Metallforschung, Institut fir Werkstoffwissenschaft,
o Seestrale 92, D-7000 Stuttgart 1, Germany
(3) Comision de Investigaciones Cientificas (Centro Atomico Constituyentes)
Av. Gral Paz y Av. Constituyentes, 1450 San Martin, Argentina.

Measurements in a torsion pendulum revealing the dependence of the internal friction
on the amplitude of vibration in the temperature range of the Snock -Késter relaxation,
are systematically analysed in order to study different non-linear effects: amplitude
dependent damping, peak temperature shift, as well as broadening and symmetry of the
peak. The study was carried out before and after plastic deformation with monocrystals of
different orientations and polz'crystals (bamboo -like structure) of ultrapure niobium
doped with different contents of oxygen (from 60 up to 1200 at.ppm).

Mechanical loss spectra .areeé)resented which allow the quantitative evaluation of the
four non-linear effects mentioned above. For all the specimens it occurs, with higher or
lower intensity, that the internal friction, the peak temperature and the
HT -half-peak -width  increase ~ with  the oscillating  stress, whereas the
LT-half-peak -width decreases. The four effects of amplitude dependence are more
pronounced in specimens with low content of oxygen especially in the case of the
polycrystal and of a <110> monocrystal. Similar effects were already reported by other
authors for other metals (fcc) and correlated with the Bordoni relaxation.

The results are discussed in the frame of the phenomena involving dislocation
movement via kink pair generation in the presence of interstitial foreign atoms.

P2-26
INTERNAL FRICTION IN LAMELLAR EUTECTIC COMPOSITE Al-Al>Cu

A.B. Lebedev, S.P. Nikanorov

A.F.loffe Physico-Technical Institute, Russian Academy of Sciences
194021 St.Petersburg, Russia

Internal friction (IF) has been investigated within the temperature range
from 6 to 300 K at frequency near 100 kHz with the help of computer
controlled technique. Four types of IF experiments are presented: (i) the
amplitude dependences of the logarithmic decrement measured at different
temperatures; (ii1) the temperature spectra of the amplitude-independent IF;
(1i1) the temperature dependences of the ultrasonic amplitude providing a
constant level of the amplitude-dependent internal friction (ADIF); (1iiii)
simultaneous in situ measurements of the acoustoplastic effect (APE) and ADIF
during room temperature plastic deformation. A comparison has been made
between the the data obtained in eutectic alloy and in Al-based solid
solution.

The single-grain samples of eutectic alloy were obtained in the
shape of rods about 2.5 mm in diameter and 80 mm length by Stepanov technique
of shaped crystal growth. Aluminium and intermetallic layers approximately of
the same width were interchanged with step 3.5 um.

Internal friction in eutectic composite may be attributed to dislocation
microplasticity in Al-matrix. The results obtained at low temperatures are
typical for Al as well as for other single and polycrystals of metals and
alloys. Amplitude-dependent part of the decrement of vibrations is well

approximated by a simple formula: 6h= A(T) a-on, where %, is the stress

amplitude, A{(T) 1is a function of the temperature and n is a constant. The
effect of small width of Al layers (less than 2 um) is in the more pronounced
straln ageing at T > 180 K. Perhaps for this reason the mechanism of APE
during active deformation is the dislocation multiplication (in contrast to
increase of dislocation mobility in Al solid solutions).
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COMPUTER SIMULATION OFDECORATION PEAK IN THE PRESENCEOF
CONTINUOS DRAG ACTING ON THE KINK CHAIN

Tank Omer Ogunani

Middle East Technical University, Ankara, Turkey

The set of non-linear stiff differential equations which describes the kink chain
oscillating in an atmosphere of smeared-out paraclastic foreign atoms and, in addition,
decorated by a dragging point defect or its complexes, is solved numerically after
having a novel scaling and renormalization procedure. The internal friction cocfficicnt
obtained indicates the existence of two separate relaxation peaks, the decoration peak
and the parent peak which are directly related to the dragging localized point defects,
and the smeared-out host foreign atoms, respectively. With slight modifications, the
present computer modeling may be also utilized for the complete simulation of the
transformation behavior of the Gamma peak into the Snoek-Koster peak upon the
gradual condensation of interstitials at the sites of various kinks along the dislocation
segment, in a distinct and/or random fashion.

P2-28
LOW TEMPERATURE MECHANICAL LOSS SPECTROSCOPY OF LEAD 5N

O. Progin, G. Gremaud, W. Benoit

Ecole Polytechnique Fédérale de Lausanne, Institut de génie atomique
PH-Ecublens, 1015 Lausanne Suisse

The measurements of the internal friction as a function of the temperature in

lead of purity 99.999 %, by a flexural vibration technique of thin clamped beams, show
a relaxation peak at 37 K ( v=660 Hz ) and at 32 K ( v=249 Hz ) . Measurements of
internal friction using a forced inverted torsional pendulum have also revealed a
relaxation peak at 20 K ( v=1 Hz) inlead 5N.

The calculation of the activation energy E, gives 0.043 eV with a pre-
exponential factor 1o of 6.6 108 Hz. It seems that this relaxation is connected with a
kink pair formation (KPF) mechanism on dislocations. But in comparison with the
Bordoni relaxation’s values in others fcc, we obtain much lower values for the
activation energy and pre-exponential factor. To understand this low temperature
relaxation in the lead SN, it's necessary to compare these results with those obtained by
a coupling method technique.
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NUMERIC SIMULATION OF ANELASTIC BEHA VIOUR AND MICRODEFORMATION DUETO

DISLOCATIONS
J.F. Rojas!, J. San Juan2, M.L. N63

(1) Dpto. Fisica Aplicada I. E.U.LT.I. Plaza de la Casilla 3, 48012 Bilbao. Spain.
(2) Dpto. Fisica Mat. Condensada. Fac. Ciencias. Apdo. 644, 48080 Bilbao. Spain.
(3) Dpto. Fisica Aplicada II. Fac. Ciencias. Apdo. 644 - 48080 Bilbao. Spain.

The attempts to calculate the mobility of dislocations in the atomic lattice carried out until this point
have been concrete developpements that do not allow a general focus of the problem and are mainly
dedicated to internal friction simulation. In this work, we introduce a general numeric simulation
method that allows us to study the motion of the dislocations across the atomic lattice under different
conditions of stress and temperature.

The energetic diagram of the dislocations is calculated, taking into account the length and internal stress
disributions characteristic from the material. This way, we continuously calculate the statistic
population of dislocations in each energetic valley and its evolution in time. The method allows us to
follow the evolution of the distribution of dislocations induced by stress and temperature changes.
Finally, the macroscopic deformation, associated to the motion of the dislocations, is obtained.

This calculation method allows us to simulate different experimental conditions, getting the micro-creep
and elastic after-effect (urves as well as the microdeformation obtained at a constant stress during

heating. The internal friction spectra versus temperature have been simulated in a similar way.

P2-3¢
ON THE POSSIBILITY OF THE RESONANT-TY PE ABSORPTION OF OSCILLATORY ENERGY
IN INHOMOGENEOUS SOLIDS

K.V. Sapozhnikov!, $.B. Kustov?

(1) Institute of Physics and Power Engineering, Obninsk, 249020, Russia
(2) A.F.loffe Physico-Technical Institute Russian Academy of Sciences,
Politechnicheskaja 26, St.Petersburg, Russia

In our experiments we observed the sharp internal friction peaks,
accompanied by the leaps of the resonant frequency of three component
oscillator during deformation of the samples of silicon bronzes, Al-Mn and
Cu-Al-Ni alloys. In the vicinity of peaks resonance curves of oscillator had
two closely-spaced maxima and the leaps of resonant frequency corresponded to
the transition from one maximum to another during their smooth change. Some
interconnections between structural parameters of the investigated materials
and characteristics of the anomalies were found.

In a number of experimental works , where elastic and inelastic
characteristics of crystalline solids were measured as a function of
temperature or frequency, the resonance-type dispersion of these

characteristics was observed. This last looked like sharp absorption peaks,
accompanied by the abrupt (often step-like) dynamic elastic modulus changes.
In some works the splitting of the resonant frequency of the vibrational
system was observed in the certain temperature ranges. The attempts were made
to explain these anomalies by several different reasons.

Based on our own and reviewed works, we suppose, that the observed
anomalies are due to the resonant interactions of the elastic wave with
structural inhomogeneities in solids, and the resonant absorption of
oscillatory energy is caused by appearance of additional ’internal’ degrees of
freedom of the vibrational system connected with these inhomogeneities. We
assume that different types of volume or planar defects of crystalline solids
can act as such inhomogeneities.
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AMPLITUDE DEPENDENT INTERNAL FRICTION AND YOUNG'S MODULUS DEFECT
DURING PSEUDOELASTIC DEFORMATION OF Cu-Al-Ni SINGLE CRYSTALS

K.V. Sapozhnikov !, S.B. Kustov2, V.V. Vetrov?, S.A. Puinev?

(1) Institute of Physics and Power Engineering, Obr.insk, 249020,- Russia
(2) A.F.loffe Physico-Technical Institute Russian Acadequ of Sriences,
Politechnicheskaja 26, St.Petersburg, Russia

The amplitude-dependent internal friction (IF) and Young's modulus :lefgct
(YMD) of Cu-14.0A1-3.8Ni (mass %) single crystals (MS=263 K) nave been studied

in situ during stress-induced pseudoelastic transformation at room
temperature. Three component resonant oscillator technique wa.s used. for
measurements during three point bending of the samples. The strain amplitudc

range covered 10-7-3'10—5 at frequencies near 100 kHz.

The IF maximum accompanied by minimum of resonant frequency was observed
during pseudoelastic deformation of samples when measurements were taken at
the constant value of strain amplitude within amplitude-independent range.

The amplitude dependencies of IF and YMD were measure? at §1fferent
experimental points during deformation. The significant reversible rise ofGIF
and YMD without marked hysteresis occured when the amplitude exceeded ?'10 .
Only slight changes of amplitude~dependent IF were .observed wx?h the
significant increase of amplitude-independent IF gurlng‘ deermatlon of
two-phase samples. It has been found, that ultrasonic oscxl?atlons had no
influence on the stress-strain behavior of the samples in the whole
investigated amplitude range. There lies the discrepancy between
transformation pseudoelasticity and dislocation plasticity..ln the latFer case
the quasistatic flow stress can decrease under superposition of oscillatory
stress in amplitude-dependent range (so called acoustoplastic or Blaha
effect). One of the possible reasons of the fact is that amplitude dependenge
of IF and YMD is due to defects, which are not responsible for pseudoelastic
deformation.
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AN ULTRASONIC STUDY ON BEHA VIOUR OF DISLOCATIONS IN ALUMINIUM DEFORMING
AT HIGH RATES OF STRAIN

J. Shioiri, T. Santoh
College of Engineering, Hosei University., Koganei, Tokyo 184, Japan

It is widely known that Lhe dynamic flow stress oOf mclals shows a slecp rise al slrain
rates above about 5000/sec. This phenomenon has long been interpreted in terms of the
transition in the rate controlling mechanism of dislocation motion from Lhe thermally
assisted cutting of forest dislocations at lower strain rates to the viscous drag of
phonon origin at very high strain rates. Recently, an interpretation in terms of the
strain rate dependency of the evolution of dislocation structure during deformation has
been presented. The forser interpretation is based upon tie effect of the instantaneous
strain rate while the latter puts emphasis upon the role of the strain rate history.

In this work in order 1to obtain experimental information on the behaviour of
dislocations under dynamic plastic deformation, time-resoived measurements of the
attenuation of the ultrasonic pulse superimposed upon the dynamic deformation have been
made for high purity polycrystalline aluminium at strain rates up to 12000/sec.

Theoretical analysis based upon continuus mechanics shows that the attenuation under
plastic deformation is proportional to the dependency of the flow stress upon the
instantaneous strain rate. A close correlation i8 otserved belween Lhe instantaneous
strain rate dependency of the flow stress evaluated from the resullts of the above
attenuation measurements and the strain rate dependency of the flow stress obtained from
the direct flow stress measurements. This means that the flow stress depends much 2ore
upon the instantaneous strain rate than Lhe strain rate Hhistory. The ultrasonic results
are also analysed using a kinetic model of dislocation motion in which the velocity of
mobile dislocations is controlled both by the thermally assisted cutling of the forest
dislocations and the viscous drag. The results indicate that the role of the viscous drag
becomes dominant at strain rates above about 5000/sec. The results of the above two
analyses of the ultrasonic data support the inlerpretation that the steep rise in the flow
stress is due to the transition in the rate controlling mechanisa of mobile disiocations.
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OSCILLATORY SPECTRUM OF DISLLOCATION INTERACTING WITH DISORDERED LOCAL
DEFECTS

S.N. Smumov and V.D. Natsik

Institute for Low-Temperature Physics and Englneerxna.
Ukr. Academy of Sciences, 47, Lenin Ave., Kharkov, 310164, Ukraine

Oscilatory spectra of dislocations elastically interacting with dis-
ordered local defects (impurities) are studied. The problem 1s considered
involving more general assumptions as compared to those used 1n xnown mo-
dels treating impurities as points of stiff dislocation pinning. It s
assumed that an oscillating dislocation is influenced by the Pererls re-
lief and local defects randomly distributed over the crystal volume and 1n
the region of the dislocation core. The local defects “in the dislocation
core create potential wells of finite depth, which are localized at atomic
distances. In the framework of the model, the studiy of free oscillations
of the dislocation leads to investigation of the eigenvalues of the sing-
le-particle Schroedinger equation with a random Poisson type potential.

General properties of the frequency spectrum are found and analytical
expressions are derived for the spectral density in the limiting cases of
strong and weak impurities. It is shown that the main result of the xmeu-
rity 1influence on dislocation oscillations is the gap appearing 1in he
frequency spectrum and the spectral densily maximum near 1i. The ependen-
ce of the spectral density on impurity concentration and strength 1s ana-
lysed. The results are generalized for the case when several kinds of im-
purities are present in the crystal. Particular cases are analysed in more
detail: (1) all defects are weak or strong; (i1) some defects are weak,
and some ones are strong.

P2-34
PECULIARITIES OF AMPLITUDE-INDEPENDENT DISLOCATION INTERNAL FRICTION iN
DISORDERED SOLID SOLUTION

V.D. Natsik, S.N. Smimov

Institute for Low-Temperature Physics and Engineering, _
Ukr. Academy of Sciences, 47, Lenin Ave., Kharkov, 310164, Ukraine

) A generalization of the well known Granato-Lucke theory of amplitude-
independet internal friction caused by viscous drag of sound excited dis-
locations is proposed. It is assumed that an oscillating dislocation 1s
influenced by the Peierls relief and by impurities randomly distributed
over the crystal volume and in the disldcation core. It is assumed that

the impurities positioned within the dislocation core create potential
wells of finite degth. The impurities exterior to the dislocation core
produce a random potential relief that is determined by the superposition
of their elastic fields. The general relationship which related the comp-
lex dislocation compliance to the averaged Green function of stalionary
oscillations of an underdamped dislocation segment is derived. A statisti-
cal averaging 1s performed within the framework of phase formalism, and
rigorous mathematical relations are derived which permit the dislocation
compliance to be determined for the case of disordered impurities. Expli-
cit expressions for decrement and modulus defect are found and analysed in
a practically important region of parameters, where the frequency depen-
dence of decrement is of the Debye type. The quantities to be measured are
found on impurity subsystem parameters, namely, impurity concentration and
strength. It is shown that the decrement and the modulus defect are in
exponential dependence on int defect concentration but this dependence
is move weak than that predicted by the Granato-Lucke theory. On the gene-
ral case a knowledge of only the average dislocation density is insuffi-
cient to determine the drag coefficient of dislocations bul rather more
detailed data on length distribution of dislocation segments are required.
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MIGRATION MECHANISM OF SELF-INTERSTITIAL ATOM IN Mo AFTER LOW -
TEMPERATURE IRRADIATION: 11 DISLOCATION PINNING

H. Tanimoto, H. Mizubayashi, N. Teramae, S. Okuda

Institute of Materials Science, University of Tsukuba, Tsukuba, Ibaraki 305, Japan

For the migration mechanism of self-interstitial atom (SIA) in Mo after low-tem-

perature irradiation, in Part I in this conference, we found the following: For a very
low Frenkel-pair concentration (Cpp) around 1072 ppm, all the free-SIA’s can migrate
three-dimensionally with rotation. With increasing Cpp, part of SIA’s come to migrate
without rotation leading to a decrease in the fractional ratio of SIA’s which can mi-
grate with rotation. These facts would be responsible for the somewhat complicated
recovery behavior of SIA's reported in the resistivity measurements as well as for the
broad pinning caused by the migration of SIA’s at around 40K (the 40K-pinning, hereaf-
ter). To clarify this issue, in Part II here, we carried out careful measurements for
the 40K-pinning in Mo in the wide Cpp range between 1074 and 10 ppm by means of 20 Mev
proton irradiation at 5 K. For very low Cpp below 10-2 ppm, the 40K-pinning rapidiv
moves to higher temperatures with decreasing Cpp, where we surmise that some effects of
impurities come in. For Cpp above 1072 ppm, the 40K-pinning shifts to lower tempera-
tures in proportion to log(Cpp) as a whole. This general Cpp-dependence can be ex-
plained by the reasonable model for dislocation pinning due to the migration of free
defects assuming the activation energy of 83 meV, that is reported for free-SiA’'s in
the resistivity measurements. Further, a close investigation of the 40K-pinning sug-
gests that the 40K-pinning observed for Cgp above 10~2 ppm is composed of two constitu-
ents, the lower and the higher temperature pinnings (the LT- and HT-pinnings, hereaf-
ter): The LT-pinning is predominant at low Cpp, and shows relatively small temperature
shift with varying Cpp. On the other hand, with increasing Cpp, the HT-pinning becomes
predominant and largely shifts to iower temperatures. From the Cpp dependence of the
pinning rate, we surmise that the LT- and HT-pinnings correspond with the migration of
SIA's with rotation and that without rotation, respectivel

P2-36
EVIDENCE FOR DISLOCATION MULTIPLICATION DURING LOW TEMPERATURE THERMAL
CYCLING OF M.M.C. SHOWN BY THE ULTRASONIC-LOW FREQUENCY STRESS COUPLING
TECHNIQUE

C. Girard, R. Fougeres, A. Vincent
G.EMPPM. URA CNRS 341, INSA de Lyon, F69621 Villeurbanne Cedex FRANCE

In metal matrix composites the difference in coefficients of thermal expansion of matrix and particles
!las been claimed by many authors to be responsible for the dislocation punching from the particule/matrix
interface on cooling composite materials. Therefore, an experimental study has been undertaken by means of
the ultrasonic-low frequency stress coupling technique in order to support this assumption.

This study is carried out on an Al / 12 vol% SiC composite. The attenuation changes (Aa) are
measured, in isothermal conditions, during the application of a low amplitude slowly varying stress. This
experiment is repeated at equally spaced temperatures ranging from 280K to 80K, successively on cooling and
on heatmg the specimen. The amplitude of the attenuation change Aag varies strongly with temperature by
exhibiting a marked maximum around 240K. Moreover, whatever the temperature, on heating this amplitude is
Ia.rger than that on cooling. These phenomena are discussed in terms of dislocation-point defect interaction and
dislocation punching out from the particle/matrix interface during the low temperature thermal cycle.
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SENSIVITY TO DYNAMIC STRAIN AGING IN C-Mn STEELS

D. Wagner, C. Prnioul, D. Francors

(Laboratoire MSS/MAT, Ecole Centrale Paris, 92295, Chatenay Malabry Cedex, FRANCE)

In C-Mn steels and associated welds the Dynamic Strain Aging (DSA) phenomenon induces

an increase of the ultimate tensile strength associated with loss in ductility (elongation and fracture

' toughness) in the 100-200°C temperature range. In the Heat Affected Zones of welds, the
sensitivity to DSA, which is microstructure dependent, can not be directly determined . Therefore,
in order fo study the influence of microstructure on DSA, intemal friction and tensile test results
on simulated HAZ microstructures have been performed and compared.

Tensile tests (between 20 and 300°C) and internal friction experiments (at 1Hz berween - 20
and 600°C) were performed on materials with different sensitivity to DSA: Manual Metal Arc
Weld (0,49%C, 90 ppm N), normalized aluminium killed A 42 steel (0. 14%C, 82 ppm N ) and
silicium semi-killed A 48 steel (0.198%C, 83 ppm N) with various heat treatments (normalized or
austenized at 1250°C or 1050°C and water quenched). Before testing, the materials were aged at
room temperature during several months . N

For l;Jcl these diffe%ent microstructures, the intensity of the DSA, evaluated by the ductility
loss, is proportional to the Snc.=k peak height. The microstructures obtained after water quenching
are the less sensitive to DSA. This lower sensitivity is attribued to the high dislocation density
induced by quenching and revealed by the cold work peak height : dislocations trap N and C
atoms hence decreasingly the amount of free interstitial C and N atoms in the lattice, which are
involved in the DSA phenomenon. .

° All these rcsul‘is confirm that even for industrial materials the height of the Snoek peak
(determined in one test) is a good indicator of the DSA sensibility.

P2-38
DISLOCTRON DYNAMICS - A NEW APPROACH TO THE ANELASTIC INTERACTION
BETWEEN DISLOCATION LINE AND POINT DEFECTS

Z.Q. Sun, D.Q. Yan

Institute of Metal Research,Academia Sinica,Shenyang,110015,China
Institute of Solid State Physics,Academia Sinica,Hefei 230031,China

Discrete calculation showed that the main contribution of the anelastic interaction between
mobile point defects and the dislocation is due to the defects in the core region.A model of
chain of disloctrons, each of them is a least separable segment of dislocation line, was put
forward. Under a discrete elastic approach, the fundamental parameters associated with a
disloctron including self energy, interaction rigidity between two neighboring disloctrons, P-N
stress and dynamic rigidity due to the mobile point defects near core of disloctron etc., were
calculated numerically.Their values and even signs vary dramatically with the position of the
disloctron.The chain of disloctrons satisfys an extanded Frenkel-Kantlova equation. The static
sulti-soliton solution of it could be obtained numerically by using a relaxation approach.
Finally, the complex amplitude of oscillation of the disloctrons and internal friction were
obtained by using Gauss elimination method for spare matrix.

As an example,the anelastical interaction between the vacancies and dislocation line in a
fictitious elastic isotropic orthogonal lattice was apalysed. The fundamental parameters of the
disloctron, the width of the kink, the internal friction as the function of frequencies,the
concentration of vacancies,the slope of the dislocation line with respect to the P-N valley and
inner stress were obtained.The P-N stress and the width of the geometric Kkink are dependent on
the concentration of vacancies. Furthermore,the width of the kink decreases as the density of
the kinks and the inner stress increase. The results of the internal friction were quite
different from that predicated by string or kink models.An increasing internal friction peak
appears in an "annealed specimen” according to the increase of the concentration of vacancies.

The inner stress or a few of geometric kinks widen this peak.Sometimes double peaks or a high
backaround were observed.
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THERMALLY ACTIVATED RECOVERY OF POLYCRYSTALLINE CADMIUM D
ANISOTROPIC THERMAL EXPANSION EFORMED 8Y

M.H. Youssef!, P.G. Bordoni?

(1) Department of Physics, Faculty of Science,
Cairo University, Giza, Egypt.
(2) Consiglio Nazionale delle Ricerche,
Istituto di Acustica"0.M.Corbino", Via Cassia 1216, 00189 Roma,
Italy.

The recovery of polycrystalline cadmium plates, after being deformed
by internal stresses due to anisotropic thermal expansion during
cooling, has been investigated by measuring the increase in the
vibration frequency of the plate with time, and varying the
temperature as a parameter. The recovery of frequency with tiuwe
showed to follow an exponential law with a characteristic time of the
order of few hours, thus reaching a limiting frequency after
sufficiently long time. This limiting frequency is found to increase
with the increase of the annealing temperature. The activation energy
controlling the recovery process 1s about 0.12 eV. The recovery is
explained in terms of diffusion of self interstitials produced during
the deformation by the intersection of basal dislocations with the
forest dislocations.

P2-40
VARIATION OF INTERNAL FRICTION AND ULTRASONIC ATTENUATION IN ALUMINIUM
DURING THE EARLY STAGE OF FATIGUE LOADING

Z. Zhengang, F. Guangtao

Laboratory of Internal Friction and Defects in Solids,
Institute of Solid State Physics, Academia Sinica,Hefei 230031, China

Variation of internal friction Q' and ultrasonic attenuation /A a versus cyclic number N of
push—pull fatigue loading with various stress amplitudes o for 99.999wt% Al polycrystalline specimens
were measured. The corresponding dislocation configuration in the specimen was observed by transmis-
sion electron microscopy.

Experimental results showed that the dislocation configuration corresponding to the A\a maxiunium
on the Aa — N curve is consisted ol tangle bands accompaning with single dislocation segments located
between the tangle bands. Meanwhile, the 6 maximum on the ¢ — N curve corresponds to an incomplete
dislocation cell structure.

The change of the internal friction Q™' versus cyclic number N was found to be synchronous with
that of the stress g.
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ATHERMIC AND THERMOACTIVATED MOTION OF DISLOCATIONS IN ALKALI- HALIDS
CRYSTALS UNDER HIGH HYDROSTATIC PRESSURE -

G.N. Yermolayev, S.I. Ninenko, S.V. Khegai

L.F.VUerestschagin’s Institute of High Pressure Physics,
Russians Academny of Science, Troitsk, Noscow r-n, Russia,

Both unactivated and thermoactivated movement of individual
edpge dislocations in KC1 and NaCl single crystals under stresses
0 <Gyieds at pressure up to 700 HPa were sludied. For the
investipgation of this wmovewent the specimens uwere subjected to
stress pulse of Lhe Lfiangle or  lrapezoidal shape. The
dislocatinns path length £ as a function of apnlied stress 67,
pressure P, Lemperature T, stress rate d67dt and time ¢ (for

nlatean of slress pulse) was delernined in axporisenks,
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The experizenbal results are discussed frog Lhe point of
view of poinl defects clasters reconstruction under applied
stresses.
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A SIMPLIFIED THEORY FOR THE LOW-FREQUENCY DRAGGING AND BREAKING-AWAY
PROCESS OF MOVING DISLOCATION KINKS

A.W.Zhu

Laboratory of Internal Friction and Defects in Solids,
Institute of Solid State Physics, Academia Sinica, Hefei 230031, China

Recent systematical experimental results of anomalous internal friction in aluminium solid solu-
tions observed by T. S. Ké et al. can not be explained by conventional dislocation damping theories,
¢.2.. G—L depinning model and lincar dragging model. In this paper, a new concept of dynamical break-
ing—~away of dislocation from bound point defects is proposed. Starting from the lagging of the
diffussional drift of the bound point defects behind the dislocations (kinks), the criterion of the
immobility ol the bound point delect was introduced as k T/C D << | /w, where k is the
Boluzmann constant, T the temperatuie, C the harmonic constant ol the interaction betw een dislocation
(kink) and point defect, D the diffusion constant of the point defect and w the frequency of applied
stress. The linear relationship between the deviation Ax from the equilibrium spacing of the interacting
configuration {dislocation(kink)—-point defects} and the rate of motion u of the dislocation (ki k) was
derived as Ax= (k T/ CD) u. Based on these, a simplified theory for the low—({requency dragging and
breaking—away of dislocation kink was established through a simple description on the process of the
static dissociation(depinning), overall motion (dragging) and dynamical dissociation (breaking away) of
the {dislocation (kink)—point defects} conf{iguration under the action of the low—frequency applied
stress. The internal friction and the change of elastic modulus, especially their variation with stress
amplitude and temperature were calculated and compared with refevant experimental results.
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ULTRASONIC DISPERSION IN PHASE TRANSITION REGION IN FERROELECTRIC
MATERIALS

V. Valevichius, V. Samulionis, J.Banys

Department of Physics, Vilnius University, Sauletekio 9, 2054 Vilnius,
LITHUANIA

The results of experimental investigations of critical ultrasonic behavior near the phase transitions
in ferroelectric materials are presented in this communication. Three main cases in the vicinity of
phase transition temperature T of ultrasonic wave behavior are discussed: i) wr<1 (w-the angular
frequency of ultrasonic wave, r-the order parameter relaxation time), ii)rw>1, iii)the intermediate
case wr~1l. In our ultrasonic frequency range 10-100 MHz the condition wr<1 was realized in
the most of our investigated uniaxial ferroelectrics SnzP2Ss, PDOHPO4, DGN. In this case usually
the stepwise downward jump was observed when temperature was approaching Tc from
paraelectric phase for longitudinal ultrasonic modes propagating perpendicular to the polar axis. The
temperature dependence of ultrasonic wave velocity in the ferroelectric phase could be described
using phenomenological Landau theory. The ultrasonic velocity dispersion is impossible to ob-
serve even at the Brillouin experiments because it must arise in extremely narrow temperature
range. The condition wr>1 was fulfilled in the crystals of DMAAS because of comparatively
low polarization relaxation time. In this crystal we had not observed any critical slowing down
of ultrasonic velocity as well as the frequency dependence of ultrasonic velocity. In the
ferroelectric phase the ultrasonic velocity have the additional part proportional to the square of the
polarization. The most interesting behavior of ultrasonic velocity was observed in the ferroelectric
DDSP single crystals, when the longitudinal ultrasonic wave propagated along the (100]
direction. The frequency dependent velocity dips and corresponding to the attenuation maxima
were observed in the ferroelectric phase. The ultrasonic attenuation maxima appearing at wr=1
had shifted to lower temperatures when frequency was increased. The velocity dip near phase
transition was strongly dependent on frequency and almost disappeared at 90 MHz frequency.

P3-2
EFFECT OF THERMAL AND THERMO-MECHANICAL CYCLING ON THE PHASE
TRANSFORMATIONS IN NiTi AND Ni47TisgCO3 SHAPE MEMORY ALLOYS

L. Jordan!, M. Masse2, J.-Y. Collier2, G. Bouquet?

(1) Faculté de Chirurgie Dentaire 5, rue Garanciére 75006 Paris (FRANCE)
(2) Ecole Nationale Supérieure de Chimie de Paris, 11 rue Pierre et Marie Curie
75231 Paris Cedex 05 (FRANCE)

Microstructural evolutions of two types of shape memory alloys (S.M.A.), NiTi and Nig7TisoCo3 are
studied as a function of temperature during heating or cooling between - 80 and + 100°C. ) )

Experiments consist in internal friction (low frequency : 1 Hz.) and diffcrqual scanning calonmetry
(D.S.C.) measurements. The aim of this work is to determine if the phase ransformatons sequence :

A (Austenite B2) < -- > R (Rhomboedral) < -- > M (Martensite B 19)
effectively occurs in these alloys and if these oransformations are reversible. This study shows that the structural
evolution depends on various parameters such as the chemical composition of alloys, single thermal cycling or
combined thermo-mechanical cycling.

The main results concerning the influence of these parameters are the following : ) R

- the R phase is always detected, on cooling, whatever the material is, but with more difficulty in NiTi
alloys; . .

- thermal cycling (D.S.C. experiments) implies an austenitic phase stabilization leading to a shift of the
martensitic transformation towards low temperatures while the R phase temperature is maintained fixed,

- compared to this effect, intemal friction experiments, likened to thermo-mechanical cycling, give nsc to an
improvement of the austenitic phase stabilization proved by an additional shift of the martensitic phase
transformation temperature; .

-the most interesting result of this thermo-mechanical stabilization consists in a very clear separation of the
phase transformations M -->R --> A on heating, in Nig7TisoCo3 alloys. Such an effect is not observed in NiTi
alloys, nevertheless thermo-mechanical cycling allows the distinction A -->R -->Mon cooling. -

Small alternative strains, inherent to an internal friction experiment, lead to pouceab}c structur?l
modifications. The observed phenomena are explained on the basis of a progressive locking of lattice defects in
the austenitic phase. The stabilization effects, by thermal or thermo-mechanical cycling, are compared with the
influence of preliminary annealings.
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MARTENSITIC TRANSFORMATION IN Ni-Ti ALLOY STUDIED BY ISOTHERMAL
MECHANICAL SPECTROMETRY

E. Deborde, A. Riviere, J. Woirgard

Laboratoire de Mécanique et Physique des Matériaux, URA CNRS n° 863,
ENSMA - POITIERS - FRANCE

A 50,5 % at. Ti - 49,5 % at. Ni shape memory alloy was studied between 270 K and 400 K by
isothermal mechanical spectrometry in a large frequency range (104 Hz - 150 Hz).

Results presented here are very different than those obtained by different authors using anisothermaal
method. So, at high frequency, internal friction decreases directly from the martensitic level to the austenitic

one, without the large damping associated with a T effect.

Low frequency measurements show a thermically activated effect present only in the martensitic phase
and decreating with the time at constant temperature. This effect is discussed with segment dislocation motion
inducing a variant interface moving.

P3-4
THE INFLUENCE OF CHEMICAL COMPOSITION AND TREATMENT REGIMES ON
TEMPERATURE DEPENDENT INTERNAL FRICTION OF INVARS IN THE RANGE OF PHASE
TRASFORMATION

Y. Rodionovl, V. Seleznev?, I. Golovin!, S. Golovin?

» Moscow Research Institute of Physics of Metals, Russia;
@ Tula State Technical University, Russia.

Temperature and amplitude dependent internal friction (IF) and modulus of
elasticity (ME) of commercial polycrystalline alloys Fe-(24:31,5)Ni and Fe-25Ni-5Mo
with different carbon content (0,002 - 0.09 wt. %C) were investigated after different
regimes of cooling and annealing.

The influence of chemical composition and heat treatment regimes of invars
on carbon redistribution in FCC lattice, on the athermal M, and isothermal M,
character of Y-o transformation and subsequent stages of martensite decay will
be discussed with the help of IF and ME measurments. The increase of carbon
content leads to the decrease of M, temperature (from +5 to -70°C), M, temperature
increases. Only athermal “burning” transformation takes place in alloys with
0.37 wt.%C. Computer simulation was used for subdividing components of complex
peaks to simple partial effects.
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INFLUENCE OF AGEING ON THE REVERSIBLE MARTENSITIC TRANSFORMATION IN Cu-Zn-
Al ALLOYS

J. liczuk, B. Kostrubiec, H. Morawiec, J. Rasek

Institute of Physics and Chemistry of Metals,
Silesian University, 40-007 Katowice, Bankowa 12, POLAND

The methods of internal friction and electrical resistance were
applied to study the influence of the process of ageing of the
martensite in two Cu-Zn—Al alloys on the form and variations of
the characteristic temperatures of the reversible martensitic
transformation. Analysis of the internal friction curves for
Cu-(12.7% at.)Zn-(18.0% at.)Al after various martensite ageing
times showed that in the initial period of the martensite
stabilization process there is an increase in the characteristic
temperatures of the martensite-matrix phase transition, and vice
versa.Increase in ageing temperature leads to hindering the course
of the reversible martensitic transformation. Relations obtained
showed that the martensite stabilization is a thermally activated
process in which a fundamental role is played by the quenched-in
vacancies formed during quenching from the high temperature of the
B phase. The activation energy of the martensite stabilization
process for initial stage a value E=(0.73:0.01)eV was determined
when making use of the chemical reactions rate equation.

For the second tested alloy (Cu-(12.4X at.)Zn-(17.2% at.)Al),
basing on the analysis of isochronous and isothermal curves of
resistivity determined in the temperature range from 273K to
343K,two elementary processes A and B were distinguished. Process
A of activation energy E:=(0.6920.02) eV corresponds to the
disappearance of bivacancies, while B with activation energy
E:-(0.8420.02)eV corresponds to the disappearance of monovacancies.

P3-6
INTERNAL FRICTION DURING A¢%¢ TRANSFORMATION OF Fe-Mn ALLOY
Z.C. Linl, Y. Lin!, J.X. Zhang!, P.C.W. Fung?

(1) Department of Physics, Zhongshan University, Guangzhou 510275, P.R. China
(2) Department of Physics, University of Hong Kong, Hong Kong

The internal friction and relative modulus during the process of y<»¢ transformation in Fe-18.8Mn alloy
were measured by a vacuum torsion pendulum. The internal friction during heating, cooling and during
isothermal aging was each and all measured. The athermal rate T. the frequencies of measurement were
0.5K/min to 3.5K/min and 0.6Hz to 2.0Hz respectively. Two components of IF, athermal and isothermal, and
two types of IF peak corresponding to y<=>€ transformation, athermal and static (stable) are observed during
heating and cooling. The athermal IF shows a viscoelastic fealure and increases with an increasing of ("T,'a))“

Put the ?sothermal .IF (Q‘l - t curves at a certain temperature) increases with decreasing @. A phenomenological
interaction model is proposed to explain the characteristics of athermal IF and isothermal IF.
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P3-7
ULTRA SONIC BEHA VIOUR OF DEUTERATED BETAINE ARSENATE CRYSTALS WITHTWO
LATTICE INSTABILITIES

E.V. Balashova, V.V. Lemanov, A K. Tagantsev, A.B. Sherman

A.F.loffe Physico-Technical Institute, 194021,St.Petersburg,Russia

Deuterated betaine arsenate (DBA) is an example of crystals with two
lattice instabilities.With the deuterium content more than BU% there are
two lattice instabilities in these crystals at T . (structural
instability) and Tc3 (ferrnelectric instability). At ‘55% deuterium

T_,=161.5K and T_,=145K.The Landau thermodynamic potential with two

order parameters was analysed and it was shown that the phyoical
properties in the phase transition regions depended critically on the
coupling of two order parameters.Temperature dependences of attenuation
and velocity of longitudinal ultrasonic waves with frequencies 15 and
30 MHz were measured in DBA 83 and DBA 85.At the Tpo point a step-like
behaviour of velocity and attenuation peaks were oba;;ved.ae for the 'I‘ca
point a positive jump of velocity with no attenuation peaks were
found.The experimental results on ultrasonic properties and the data of
dielectric measurements are discussed in the framework of the theorv of

crystals with two lattice instabilities.

P3-8
INTERNAL FRICTION, MODULUS AND RESISTANCE ASSOCIATED WITH
TRANSFORMATION IN LANTHANUM

L1 Guangyi

State Key Laboratory for Fatigue and Fracture of Materials
Institue of Metal Research Academia Sinica

Pure La transforms martensitically from FCC to dHCP with M;=473K and A, = 573K. In
order to study the transformation, combined measurements of internal friction (Q '), modulus
(resonance frequency (f)) and resistance (R) were performed In a temperature region of
300K-700K with an inverted torsion pendulum. The main results are as follows.
1.Q™’, fand R vs. T curves abtained under the samc mcasurement conditions depend on sample
state and the number of thermal cycle. The transformation amount is much less in the
cold—worked sample than in the annealed one. Even for the latter it is not possible yet to trans-
form completely into dHCP phase at room temperature.

2. Q_;,' vs. T curve is similar to that of Q;' vs. 1 / f. The relationship between Q;' and 7/ fis
nonhnear and does not go through the original point.

3. In the transformation regions, both forward and reverse, constant T measurements with hold-
ing at different temperatures show that isothermal transformations exist in La and austenitic
(martensitic) stabilization can occur during temperature holding.

4. The variation of Q}, f and R during holding or changing temperature again can be also seen

i so—called nontransition region. R decreases when, during heating from 300k, temperature 1s
kept even though it is far lower than As. A small thermal cycle in this nontransition region will

result in a hysteresis loop of R and the higher the 7, the wider the loop is. But during cooling
from 700K (FCC phase) a small thermal cycle in a temperature region nearby and higher than
Ms won’t result in the hysteresis loop. The phenomenon occured in the dual—phase sample might
be associated with instability of either the phases or the transformation induced defects.




P39
INFLUENCE OF HEAT TREATMENTS ON DAMPING BEHA VIOUR O.° MARTENSITIC
TRANSFORMATION IN Cu-Al-Ni-Mn-Ti ALLOY

Guo-wang Li!, Da-cheng Qin?

1) Dept. of Physics, Univ. of Science & Tech-
nology Beijing, Beijing 100083, P.R.China

(2) Dept. of Physics, Teachers University of
Capital, Beijing 100037, P. R. China

In this paper, the influence of heat treatments on damping behaviour
of matensitic transformation is examined by measuring internal friction
Q~', elastic modulus E/E, , electric resistance R/R, and zero point shift
© vs. temperature T synchronously in the temperature range 0°C to 160°¢C,
The sheet alloy of Cu-13A1-5Ni-1Mn-1Ti was rolled at about 800°C in seve-
ral stages, then cooled to room temperature, The sheet was cut into strips
for use of simultaneous measurements mentioned above. The 7 specimens were
aged for 0.5 hour at T,=560, 590, 620, 650, 700, BOO and 900°C respectively,
then quenched into water. It is found that (1) for the specimens aged at T4
<5609C, there is not internal friction peak in Q~'—T curve and the curves
of E/Eq—T, R/Ry—T and 8—T have no abnormal phenomena, the specimen has
no menory either. The x-ray diffraction and metallograph observation show
that the M transformation does not occur. (2) for the specimens aged at Th4
> 560°C, the case is just the contrary. It is noticeable that two n:wh

i i i r as
phases, ALGOMn”Nlq and CuO.Oj5N10.565T10.oQO, are found. The repo

not been seeing up to now.

P3-10
THE ULTRASONIC INSTABILITY OF SMALL-ANGLE BOUNDARIES NEAR THE POINTS OF
MARTENSITIC PHASE TRANSFORMATIONS

A.L. Korzhenevskii, D.A. Lisachenko

Electrical Engineering Institute, 197376, Saint-Petersburg, Russia

It §s known that the influence of crystal defects affects mechanical
properties of solids and it can greatly increase in the vicinity of
phase transition (PT) points. In its turn, the process of PT can be
accompanied by the important changes of defect structures in solids.

We have considered the dislocation model of the small-angle boundary
(SAB) and applied the theory of "coating", developed earlier (1] for
martensitic PT in crystals with dislocations.

. _We showed that the existence of "coated" SAB becomes energetically
disadvantageous in the temperature interval about 0.1-100 K for diffe-
rent types of PT. This instability can be realyzed under the action of
ultrasonic waves, parameters of which {such as wavelength and amplitude)
have been estimated.

. The methods of experimental observations of these anomalies are
discussed.

1. A.L.Korzhenevskii, D.A.Lisachenko - Ferroelectr.Lett.(1991),
v.12(6), p.135-141.




P3-11
ANHARMONIC BEHAVIOUR OF CuZnAl ALLOYS

B. Coluzzi, A. Biscanini, F.M. Mazzolai

Department of Physics, University of Perugia, Perugia, [taly

Internal [riction and Young's modulus have been measured as a function of
temperature in a CuZnAl alloy at varying amplitudes of the resonant flexural vibrations. It
has begn found that anharmonicity is low in the parent B phase and only shows slight
premonitory effects of the martensitic transition above M. The alloy system becomes very
anharmonic in the transition region, where the amplitude dependence of the Young's modulus

passes through a pronouced maximum. The source of such anharmonicity is believed
to be related (o the latice metasability. Below Mg anharmonicity is high, approximately

temperature independent and, likely, it is associated with hysteretic motions of martensite-
martensite interfaces.

P3-12
INTERAL FRICTION IN Al-Li BINARY ALLOYS

J.1. Pérez-Landazébal! M.L. N62, J. San Juan!

(1)Dpto. Fisica Materia Condensada, Fac. Ciencias U.P.V.
Apdo. 644. 48080 Bilbao, Spain
(2)Dpto. Fisica Aplicada I, Fac. Ciencias U.P.V.
Apdo. 644. 48080 Bilbao, Spain

The precipitation process in Al-Li binary alloys has been very extensively studied but is not
yet fully resolved. Nevertheless, there exit very few works in this kind of alloys using anelastic
technics. After quenching, the solid solution a descomposes in the metastable and coherente
phase &' which nucleates homogeneously through the matrix. Subsequent aging produces the
precipitation growth. Finally this phase transforms to the stable § phase at the grain boundaries.

In this work, internal friction and modulus measurements have been carried out as a
function of temperature using an inverted torsion pendulum at 1Hz. Qur results, show that the
sequence of &' and § precipitation can be followed through the evolution of the spectra. In
parallel, the microstructural state of the alloy has been studied by X-ray powder difraction
measurements and electron microscopy.

The precipitation of § coherent phase produces the growth of the background as it has been
proposed by the Schoeck's theory. Also, this precipitation produces a change in the dinamic
modulus of the alloy associated with the &' hardening. Several studies seem to indicate that the
first stage of & precipitation can not be avoided by quenching. In this work we show that the
quenching has to be carried out under some necessary conditions in order to avoid §'
precipitation. Furthermore, two peaks appear in the spectrum. The low temperature peak (450 K),
associated with a decrease in the dinamic modulus, has an activation energy of 1.2 eV. The
origin of this relaxation, usually found in Al and Al alloys, is discussed in the paper. The high
temperature peak (560 K) associated with an increase in the dinamic modulus could be associated
with the process of §°--> § transformation.
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P3-13
HIGH TEMPERATURE INTERNAL FRICTION IN 2024 ALUMINIUM ALLOY

A. Riviére, J. Woirgard

Laboratoire de Mécanique et Physique des Matériaux, URA CNRS n° 863,
ENSMA - POITIERS - FRANCE

A 2024 aluminium alloy was studied by isothermal mechanical spectrometry between 270 K and 820 K.
Samples first were quenched. Experiments were carried out after a long time at each measurement temperature
for specimen stabilization. Under a such experimental procedure, precipitation peaks as described by various
authors were absent. But between 550 K and 750 K, an internal friction effect superimposed to a low

frequency background was observed. This effect is situated always at the same frequency and increases with
measurement temperature.

Because this effect disappears for measurements carried out after annealing above 800 K, it can be
associated with the 8 précipitates.

A reversible phase transformation mechanism at the matrix - precipitate interface is proposed to explain
this thermally non-activated effect.

P3-14
INTERNAL FRICTION IN Fe-Mn-Cr-Si-Ni SHAPE MEMORY ALLOYS

R. Pérez-Sdez, M.L. N6!, J. San Juan

Dpto. Fisica Materia Condensada, Fac. Ciencias U.P.V.
Aptdo. 644-48080 Bilbao, Spain.
(1) Dpto. Fisica Aplicada II, Fac. Ciencias U.P.V.
Aptdo. 644-48080 Bilbao, Spain.

It has been observed for the last years that several Fe base alloys present a shape
memory effect. However, these alloys have a behaviour that is absolutely different
from that of the shape memory alloys in Cu base and Ti base. All this has caused a
growing scientific and technologic interest for these alloys.

In this work we have carried out Internal Friction and G-modulus measure-
ments on Fe-Mn-Cr-Si-Ni samples, using an inverted torsion pendulum at 1 Hz.

The internal friction peaks associated to the martensitic transformation are
clearly observed in the obtained spectra. They show a broad thermical hysteresis
(around 100°C) as a consequence of the non-thermoelasticity of these alloys. We have
been able to determine the evolution of the hysteresis versus the cycling, as well as
the influence of an overimposed static stress.

The analysis of the internal friction spectra allowed us to obtain a lineal rela-
tionship between the peaks’ area and the heating or cooling rate during the direct and
reverse transformations. We also found a linear relationship between the accumulated
integral of the internal friction and the quantity of transformed phase. Both aspects are
discussed and are in good agreement with Delorme’s model.

On the other side, in the curves of G-modulus we measured the Néel tempera-
ture (TN) associated to the paramagnetic-antiferromagnetic transition shown by these
alloys and which interfere strongly with the martensitic transformation. The obtained

Ty values were verified by magnetic measurements carried out with a Faraday
balance.




P3-15
NONLINEAR INTERNAL FRICTION PEAK ASSOCIATED WITH PHASE PRECIPITATION IN Al-
Li ALLOYS

Q. Tan!, J.Y. Cheng?

(1)Laboratory of Internal Friction and Defects in Solids,
(2)Department of Mechanics and Mechanical Engineering
University of Science and Technology of China, Hefei 230026, P.R.China

Aluminium-Lithium alloy is a new type of aeronaustic material with high
strength, elastic modulus and low density. Precipitation is an essential feature of
such alloys and can strongly influnce mechanical properties. Nevertheless, the
studies on its dynamic behavior and its distribution in Al-Li alloys are highly
required. ’

In the paper, low frequency internal friction study was made on the
precipitation of alloying element and the behavior of precipitates in Al-Li-Zr-Ti
atloys. An temperature internal friction peak (called -peak) was firstly observed
near 240°C. It exhibits remarkable anomalous amplitude-dependent effects and
the softening of elastic modulus. Heat cycling can lead to the disappearance of
the peak and the decrease of elastic modulus in the whole temperature range.
Frequency of measurement applyed considerable influnce on the peak. It was
suggested that  -peak is resulted from the stress-induced movement of phase
boundary of precipitates (Al3Li).

P3-16
ACOUSTIC ANOMALIES IN ORIENTATIONAL PHASE TRANSITIONS

V. Abramov, L. Tsymbal

Phisico-Technical Institute of Ukrainian Ac.Sci., Donetsk 340114, Ukraine

Effect, known as "frozen lattice”, is of common Physics nature since it appears as a
rgsult of the spontaneous disturbed symmetry (spontaneous deformation) 1in the interacting
fields' system in magnetics. This effect becomes apparent 1in the vicinity of the orienta-
t;onal phase transitions (OPT). The basic differences in the dynamics of OPT in orthofer-
rites are established through acoustic investigations. The present phenomenoiogical theory
describes the spontaneous deformation in magnetics fundamental state as the homogeneous
sampie deformation along the direction of spontaneous magnetization. Experimental data,
however, differ considerably from the corresponding theoretical estimates. We propose a
quantitative analysis of such kind experiments on the basic of the microscopic approach to
the problem. The iast one is based on the ideas about the local soft optic and acoustic
phonon (photon) modes condensation, 1.e. the spontaneous deformation locality in fundamen-
tal state of magnetics. No results of measurements are used for numerical estimations. For
example, if in the case of the low-temperature PT in ErFeQ3 the calculated =4, 12K, then
at a temperature T>Tn the acoustic impulse spreads with v1:3,61-10;cm/s along the string
consisting of the chain of atomic oxygen magnetic ions. The latter are exchange-connected
through the interstitial diamagnetic 2-valent oxygen anion. The fluctuation range of the
order parameter is 6"m:o. 4X. In this range begins the formation of the second string (the
chain of erbium ions) and its coupling with the first string through the 2-valent oxygen.
It is a;companied by the short-range magnetic order appearance in the erbium subsystem and
comprat_wely smooth sound velocity decrease to V2:3, 29-10% cm/s. Under T<Tn the long-range
magnetic order forms itself in the erbium subsystem and the acoustic impulse velocity in-
creases rapidly to v3:3, 69-105 cm/s. The maximum sound damping 1s =119, 49 dB/cm and cor-
responds to T:Tn. Experimentally measured parameters are: Tn:(4, 1¥0, 03)K; =110 dB/cm; Viz
(3, 81%0, 05). ioscm/s; va:= (3, 240 02)-10’cnvs' V3= (3, 8910, 04)-10°cm/s. Obviousl -

+0, 4 = (3, 8910, . y we have ob
tained the satisfactory quantitative agreement between theory and experiment. This signi-
ficant fact stimulates the development of the alternative thecretical method.
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P3-17
INTERNAL FRICTION AND Ti-RICH PRECIPITATION IN NiTi ALLOY

J.S. Zhy, J. Li, Y.N. Wang

National Lab. of solid state Microstructures,
Nanjing University, Nanjing 210008, China.

Internal friction (IF) and modulus (c¢cf*), electric resistance and zero
position shift were measured in Ti-rich NiTi alloy before and after aging
at 5000c for over 1h. An anomaly of IF and correspoding to a variation of
modulus, electric resistance and zero position shift below Ms were
observed in aged sample. A further experiment indicated that the anomaly
of IF had the characteristic of first order phase transition i.e peak high
of IF is proportion to the temperature rate and inverse proportion to the
measuring frequence. SME and x-ray diffraction technique were used to
clarify the observed phenomena. Grain shape precipitates which have Ti-rich
composition were found Ly SME in aged sample. It is also confirmed by x-ray
diffraction, larg~ enhancement of diffraction lines intensity for NiTi,
prhase was observed in this sample . As we know, the appearance of Ti-rich
precipitate phase reduces Ti content in area near precipitate phase. A
decrease of martensitic transition point in this area was found because it
has more Ni content. The observed anomalous below Ms are attributed to the
martensitic transition in the area with lower Ms point in aged sample.
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P4-1
THE INFLUENCE OF HY DROGEN AND DISLOCATIONS ON THE INTERNAL FRICTION IN
YTTRIUM

B. Kappeser!. R. Schmidt!, H. Wipf!, R.G. Banes2, B.J. Beaudry?

(1) Institut fiir Festkorperphysik, Technische Hochschule Darmstadt. W-6100 Darmstadt, Germany
{2) Ames Laboratory, lowa State University, Ames, lowa 30011-3020, USA

The anelastic relaxation of polycrystalline hexagonal Y samples was studied (i) after a doping
with H or D (a-phase YH, or YD, with r <0.17) and (ii) after a plastic deformation (up tc 20 %). The
study was carried out in the temperature range between 5 and. 330 K with the help of the vibrating reed
technique (frequencies f between 100 and 1100 H»). The H and D doped samples exhibit a single
relaxation peak located, e.g. for f = 500 Hz, at 272 and 279 K, respectively. For both H and D, the
relaxation shows an Arrhenius behavior with an activatiou energy E = {0.66 £0.03) eV. The results are
in agreement with previous studies [1,2]. The plastic deformation causes a relaxation peak with three
striking properties in comparison to that one found after H or D doping. The relaxation peak following
plastic deformation is considerably larger, its position is at only slightly lower temperatures (up to 19 K
lower for f = 300 Hz) and its temperature dependence exhibits an Arrhenius relation with an identical
activation energy. The microscopic mechanisms which may be responsible for these striking properties
are discussed.

[ll P. Vajda, J, N. Daou, P. Moser and P. Rémy, Solid State Comm. 79, 383 (1991)
2 G. Cannelli, R. Caatelli, F. Cordero, R. Trequattrini, I. S. Anderson and J. J. Rush, Phys. Rev.
Lett. 67, 2682 (1991)

P4-2
GORSKY EFFECT IN Nb-46%Ti-H ALLOYS

C.R. Grandini !, O. Floréncio?, H. Tejima2, J.A.R. Jordio?

(1) Depto de Fisica, UNESP, Baury, SP, Brazil.
(2) Depto de Fisica , UFSCar, Sao Carlos, SP, Brazil.

TheGonkyEﬂeaisinvesﬁ%nedb internal friction measurements i iobium-titaniym-
system with 46% wt. titanium. The ernal friction measurements ':sremmt:ed:' i:b a‘::mm;ul;m
tmquen'cy,u 3.§ Hz in a temperature range from 80 to 700 K. The diffusion coeflicient, D, obeys the
Arrhenius’ law in the temperature range from 300 to 700 K., with D,=7.43 X 104 co/® andactivation
energy E=(0.102 ¢ 0.003) eV. At low temperatures; it was found a devistion from Arrhenius’ law, with
D,=0.37 X 10 cm/# and E=(0.063 & 0.002) eV. (Financial support: CNPg and FUNDUNESP).
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P4-3
ANELASTIC RELAXATION DUE O-H PAIRS IN THE Nb-Zr ALLOYS

C.R. Grandini !, W.J. Botta2, O. Floréncio3, H. Tejima3 and J.A R. Jordio3

! (1) Depto de Fisica, UNESP, Bauru, SP. Brazil.
(2) Depto Engenharia Materisis. UFSCar, Sio Carlos, SP, Brazil.
, (3) Depto de Fisica, UFSCar, Sao Carlos, SP, Brazil.

lnt.helmumyymuyuﬂundiuhwbeenmademwmenhxnimmmnimdm
bydrogen atoms presented in transitions metals and their alloys. In this work, we observed the sress
induced ordering of hydrogen atoms around the oxygen atoms near the niobium matrix stoms. We studied
thsrelumonpmeessby_man;?memonofthel itudinal vitrassonic waves. These
measurements were made in Nb-1.0% Zr policrystalline alloys on 10 and 30 MHz, pure and doped with
0.5a0d 5.0% at. of b en. The results showed a thermally activated relaxation structure around 202
and 235 K for 10 and 30 MHz, respectively. This relaxation structure incresses with the increasing of
hydrogen concentration. (Financial support: CNPq and FUNDUNESP).

P4-4
INTERNAL FRICTION OF THE HY DROGEN CHARGED AUSTENITIC STEELS DUE TO THE
HYDROGEN DESORPTION

Yu. Jagodzinsky, A. Smouk

Institute of Metal Physics, Vernadsky blvd., 36, Kiev, 252142, Ukraine

Internal friction peak of nonrelaxation nature was found in hydrogen charged aus-
| tenitic steels at low frequencies (0 1+10 Hz) at temperatures 270-350 K Peak ampli-
tude and its temperature position essentially depends on the heating rate and
frequency. Peak mechanism is proposed according to which losses of mechanical
energy of torsional oscillations are refated with the hydrogen diffusion flows during its
desorption from the specimen. Expressions for the estimations of the hydrogen
diffusive mobility in metal were obtained from the parameters of the peak in question.
Proposed model was extended on the other cases of inhomogeneous and nonstationary
change of nonrelaxed shear modulus.
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P4-5
HYDROGEN ANELASTIC PROCESSES IN PALLADIUM-SILVER ALLOYS: NEW DATA AND
INTERPRETATION

F.M. Mazzolai, F.A. Lewis!, R.A. McNicholl !, B. Coluzzi, C. Costa and A. Biscarini

Department of Physics, University of Perugia, Perugia, ltaly
(1) School of Chemistry, Queen’s University, Belfast, U.K.

Anelastic investigations have been carried out over an extended range of silver contents
in PdAg alloys conteining H. Evidence of smoothly systematic vaniations of the H(1) and H(2)
peaks have been obtained and accounted for in terms of gradual alterations of occupancy of
different types of interstitial sites. For peak H(2) mechanisms alternative to that of stress
induced changes in the short-range order of H (Zener effect) are considered and discussed.

P4-6
RELA XATION PARAMETERS AND ANNELING PROCESS OF H-INTERNAL FRICTION PEAK
IN AN AUSTENITIC STAINLESS STEEL

Li Guangyi

State Key Laboratory for Fatigue and Fracture of Materials
Institue of Metal Research Academia Sinica

H-internal friction peak in an austenitic stainless steel, type 2179, has been studied with an
inverted torsion pendulum. Residual H in the oringinal sample, annealed at 1323K and then
quenched into water, is 3.9 wtppm. H content increases to 72 wtppm after high pressure gas
thermo—charging. An internal friction peak of 3.7x 10~ in height occurs at 240K ( 1_4Hz) in the
charged sample. Whereas in the original sample there is only a hillock of ~0.3x 107 in height
around the same temperature. The relaxation parameters of the H—peak are: H=0.563Eyv,
1,=3.4% 107"s. In comparison with the results of H permeability experiment performed on the
steel it can be seen that the activation enthalpy is higher and the diffusion coefficient at the peak
temperature, converted by D =a’/ 6z, is lower for the internal friction experiment. The differ-
ence in both enthaply and diffusion coefficient exceeds the generally recognized error coming
from the two kinds of measurement methods. This contradiction can be resolved on the basis of
defect—pair reorientation model for the H—peak. A new conversion method has been proposed.

' The result is well, )
\ In—situ annealing gives rise to a decrease in H~peak height. By means of a two—dimenson
diffusion model and a stress expresion in a rectangle—section sample an expresion of the apparent
i internal friction in the sample, as a function of annealing process has been deduced for H—H pair
and H-S pair mechanizms respectively. The experiment data agree very well with the theoretical
curve calculated on the H—S pair. Furthermore a comparison of the ratio of peak height to H
contﬁnt.for the original sample with for the charged sample seems also to support the H~S pair
. mechanjzm.




P4-7
HYDROGEN INTERNAL FRICTION PEAK AND THERMAL DESORPTION SPECTRUM IN
AMORPHOUS CugoZi40

H. Mizubayashi, M. Matsumoto, S. Okuda

Institute of Materials Science, University of Tsukuba, Tsukuba, Ibaraki-305, Japan

Hydrogen is a useful probe to provide an insight into the atomic structures in asor-
phous alloys, especially in early transition metal-later transition metal amorphous alloys
(ETM/LTM a-alloy). For ETM/LTM a-alloys, both Harrison et al. and Kirchheim et al. found
that hydrogen occupies the tetrahedral sites under- the nearest neighbor blocking, and we
found that only hydrogen atoms sitting in the sites with the site energy G=p can contrib-
ute to the hydrogen diffusion in the materials, where p is the chemical potential of
hydrogen in the materials. These facts allow us the investigation relevant to the amor-
phous structure in ETM/LTM a-alloys. In the present paper, we investigated the hydrogen
internal friction peak (HIFP) and thermal desorption spectrum (HTDS) in a-Cugg2r,,.

A-CugyZr,, was prepared by the melt-spinning method. Hydrogen charging was made
electrolytica?ly. HIFP was measured by the vibrating-reed technique, and HTDS by the
vacuum extraction method. In a-Cugyr,q, HIFP is observed as a broad peak extending from 5
to 350K showing a maximum near room toeperature. The total relaxation strength, S, of
HIFP shows the repetitions of an increase followed by a decrease with increasing the
hydrogen concentration, C)l' The observed Cy dependence of S, can well be explained by the
model mentioned above; the Gaussian distribution Nl(G) for 4Zr sites for c%sea.x. the two
Gaussian distributions Ny(G) and N, (G) for 32r+1Cu sites for 6at.X¥<Cy<30at.X, and the
Gaussian distribution N3(G) for 2Zr+2Cu sites for Cy230at.X, respectively. These features
for HIFP are very similar to those reported for a-CugpZrsy and a-CuggTigg after taking into
account the change in the chemical composition except that HIFP in a-CuggZry, is relatively
narrower compared with that in a-Cugy2rgy and a-Cug TiSO' Meanwhile the HTDS data suggested
that the heat of solution of hydrogen into the 4Zr sites in the as-quenched a-Cugylr,, is
about -50kJ/mol.H, which is much larger than about -34kJ/mol.H for the 4Zr sites in a-
Cuglrgy. These facts suggest that even in the as-quenched state, the free volume in the
a-structure is presumably smaller in a-CugpZryg than in a-CuggZrg,.

P4-8
MECHANICAL RELAXATION OF HY DROGEN-SOLUTE COMPLEXES IN NICKEL

H. Numakura, N. Okamoto!, K. Moriya, and M. Koiwa

Department of Metal Science and Technolo iversi
gy, Kyoto University, Kyoto 606~01, Japan
(1) Present address: The Japan Research Institute, Ltd. Osaka 550, Japan P

Atomistic configuration of Ti-H complexes in Ni have been studied b measuring anisotropy of
;_e_la:atlon strength of the internal friction due to the reorientation of the complex}és. Low-fre%uency intpe)r,nal
niction measurements have been made on Ni-1 at.% Ti single crystal specimens using a torsion pendulum
anglparzitlushThe orientation dependence of the peak height indicates that the defect symmetry is <100> tetrago-
'ah“(,',d ICR 1S consistent with the configuration so far assumed: hydrogen is located at the nearest neighbour
octahedral site of the substitutional solute atom. Application of external magnetic field has been found to sup-
press lht; internal friction peak. This suggests the peak involves some magnetic origin.
orientat. sm;nlar internal friction peak has also been observed in Ni-C-H alloys, which is attributed to the re-
nentation of C-H pairs; results of the measurements on these alloys will also be reported.




P4-9
MEASUREMENTS OF HY DROGEN SOLUBILITY DURING ISOTHERMAL CHARGING IN ZR
ALLOYS USING AN INTERNAL FRICTION TECHNIQUE

Z.L. Pan, M.P. Puls and |.G. Ritchie

Materials and Mechanics Branch
AECL Research, Whiteshell Laboratories
Pinawa, Manitoba, Canada ROE 1L0

A linear relationship between Young's Modulus and the hydrogen concentration in solid solution of
Zr alloys at a given temperature has been reconfirmed by the present experiments. Therefore, the
increment of hydrogen concentration in solution during ingress of hydrogen from a gas phase into a
Zr alloy sample can be monitored continuously by measuring Young's modulus as a function of time
at constant temperature. The effacts of supercharging and the process of supersaturation of
hydrogen above the dissolution terminal solid solubility (TSS) of hydrogen in Zr alloys was observed
by the piezoelectric ultrasonic composite oscillator technique set to a frequency of 40kHz. The
hydrogen concentration at the beginning of saturation in the change of the Young's modukss with ,
time during charging was identified as the TSS. This TSS was observed to be close to the
pracipitation TSS determined in the same Zr alloy by measurements on samples containing fixed
amounts of hydrogen. The effect of thermal cycles on the hydrogen supercharging process was
investigated. The connection between the dissolution and precipitation TSS and the hydrogen

supercharging process is discussed.
P4-10
SOME ASPECTS OF THE HY DROGEN REORIENTATION RELAXATION IN AMORPHOUS
ALLOYS
H.-R. Sinning

Institut fir Werkstoffe, Technische Universitit Braunschweig, D-38023 Braunschweig, Germany

Although the main features of hydrogen absorption in amorphous alloys appear well understood since several
years, a really satisfactory model of the H reorientation relaxation is still missing. It is well known that the broad
distribution of site energies implies an occupation according to Fermi-Dirac statistics. However, this statistics
must not be used for the relaxation process (thermally activated hopping between neighbouring interstitial sites)
unless taking into account that for a given distribution of H atoms, there are more sites available for hopping of
these atoms than for adding new H atoms. This follows directly from the local H-H repulsion that prohibits
simultaneous occupation of any two directly neighbouring sites. Consequently, all those models which assume a
relaxational contribution only from H atoms with site energies near the Fermi level are basically inconsistent with
H-H repulsion. Other models, however, have failed to explain the decrease of relaxation strength observed in
several glasses at higher H concentrations.

Considering the elementary relaxational contribution from any "new" H atom added to a given distribution,
there are a positive and a negative part: the H atom acts as a new relaxation centre, but also reduces the hopping
possibilities of previously present atoms if there is a mutual overlap of the empty nearest-neighbour shells of
sites. With increasing H concentration, three characteristic ranges can (at least) be distinguished: (1) the negative
part is negligible, (2) it is still small but causes reduction of high-activation-energy processes, (3) it becomes
comparable to or larger than the positive part. These three ranges are indeed observed experimentally, e.g. in
amorphous Co33Zrgy when the H concentration is varied over three orders of magnitude up to 1 H/metal atom.
Differences between alloys may be explained by a shift of these ranges along the H concentration scale; possible
reasons for such a shift are discussed.
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HYDROGEN-INDUCED INTERNAL FRICTION IN NiZr,

G. Steckler and H.-R. Sinning

Institut fir Werkstoffe, Technische Universitit Braunschweig, D-38023 Braunschweig, Germany

1 The H-induced internal friction in the C16 phase NiZr, was measured using the vibrating-reed technique
combined with in-situ hydrogen charging from the gas phase, on samples crystallized from amorphous ribbons
with compositions slightly varying around the stoichiometric value. At H concentrations of about 0.3-1 at%, two
damping peaks at temperatures near 160 K and 250 K (for a frequency of 300 Hz) are observed in most of the
samples, the former being distinctly broader than the latter. At higher H concentrations, a third peak enters into
the temperature range investigated (T>90K) from low temperatures. Both this low-temperature peak and that
one near 250 K grow faster with increasing H concentration than the broad 160 K peak in between, so that the
latter is eventually masked.

According to a recently published model of the H reorientation relaxation in C16 compounds (tetragonal
CuAl,-type structure, see H.-R.Sinning, Phys Rev.B 46(1992) 5989), the peaks near 160 K and 250 K are
mainly attributed to the two types of reorientation jumps (called "direct” and "indirect") between the Zr-
surrounded tetrahedral sites in the 16 I positions of the C16 lattice. However, the observed width of the peaks
suggests an important influence of H-H interactions not considered in the model, which appears stronger for the
direct than for the indirect jump.

In addition, a "reaction mode” of relaxation by exchanging H atoms between the 4b and 16 1 sites may also be
possible in the C16 structure, probably at relatively low temperatures. The question is discussed if this could be
an explanation of the third peak discovered.

P4-12
INTERNAL FRICTION DUE TO HY DROGEN MOTION IN Pd-BASED DILUTE ALLOYS

O. Yoshinani 1, K. Sanpei!, K. Tanakal, H. Matsui2

(1) Department of Materials Science and Engineering, Nagoya Institute of Technology,
Showa-ku, Nagoya 466, Japan
(2) The Institute for Materials Research, Tohoku University,
Aoba-ku, Sendai 980, Japan

Low frequency internal friction (~1 Hz) of Pd-M-H alloys (M=Nb, Cu, Au, Ag) has been studied
over a temperature range of 5 to 300 K. For all the alloys with 1 at.%M and about 1 at.%H, two internal
friction peaks are observed below 150 K. A lower temperature peak around 75 K is considered to be due
to the short range ordering of hydrogen atoms in hydrides (the Zener effect). A higher temperature peak
around 100 K which increases by plastic deformation is identified as the hydrogen cold work peak.
Dislocations generated during hydride precipitation are responsible for this peak. The behaviour of these
peaks is almost the same as that observed in a Pd-H alloy. The solute concentration dependence of the
internal friction has also been studied for Pd-Cu alloys (1 - 20 at.%Cu). In these alloys the Zener peak
shifts toward higher temperatures and its width increases with increasing Cu concentration.

A hydrogen-solute atom interaction peak has not been observed for all these alloys. This is in
contrast with Ni-based fcc alloys which show the interaction peak[1). Thus it is concluded that the
hydrogen-solute atom interaction is not strongly attractive in these Pd-based alloys.

(1] O. Yoshinari, K. Sanpei and K. Tanaka: Acta Metall. Mater., 39 (1991) 2657.
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ON ORIGINS OF ANELASTIC EFFECTS IN HY DROGEN CHARGED NICHEL AND Ni-BASE
ALLOYS

A. Zielinski

Merchant Marine Academy, Morska 81/87, 81-225 Gdynia, Poland

The results of so far internal friction and ultrasonic attenuation investigations
on hydrogen charged nickel, some nickel alloys and austenitic stainless steels are
presented. Neither in hydrogen charged nickel nor in NilAl alloy any internal friction
peaks have been found in low frequency tests. On the contrary, in stainless steels, Fe-Ni
and Cr-Ni alloys, a number of relaxation peaks, between one and five, has been discovered
at low and medium frequency by various investigators; heights of the peaks are shown to
relate on hydrogen concentration and on susceptibility of alloy to some phase
transformations. The ultrasonic wave study on hydrogen charged nickel single crystal has
disclosed modification of attenuation which seems to originate from a Snoek-like
relaxation mechanism. The hydrogen charging has influenced on sagnetic and non-sagnetic
background, at both low and high frequency, in a manner dependent on hydrogen charging
conditions.

An absence of any low frequency relaxation peak in Ni and NijAl, and complex
relations of peak height on hydrogen concentration and on chemical compdsition in steels
suggest that the origin of low frequency peak in steels is likely the relaxation of Me-H
complexes in one or two solid phases rather than of H-H atoms pairs. The possible
interaction of hydrogen and dislocations as the source of the high temperature satellite
peak in steels is also discussed. The increase in attenuation observed in hydrogen charged
high purity nickel may be associated with an appearance of relaxation of the Ni-H atom
pairs. The disappearance of Bordoni relaxation and decrease in dislocation damping are
suggested to be caused by hydrogen pinning of dislocations. The increase in magnetic
hysteretic internal friction and magnetic part of ultrasonic attenuation may relate to the
effect of hydrogen on the movement of magnetic domains.

P4-14
REORIENTATION OF H TRAPPED BY Zr IN Nb SINGI £ CRYSTALS

G. Cannelli!, R. Cantelli!, F. Cordero2, F. Trequattrini ! and H. Schultz3

(1) Universitd di Roma "La Sapienza”, Dip. di Energetica, Via Scarpa 16 I-00161 Roma, Italy
(2) CNR, Istituto di Acustica "0.M. Corbino", Via Cassia 1216, I-00189 Roma, Italy
(3) Max-Planck-Institute, Heisenbergstr. 1, D-7000 Stuttgart 80, Germany

The anelastic relaxation due to the reorientation of the Zr-H pair has been measured in
two Nb single crystals at low H and 2r contents. The two crystals were oriented with the
longer dimension along the [100] and [111} directions, and were excited on their extensional,
torsional and flexural modes. The observed dissipation between 50 and 200 K is composed of at
least two peaks. One of them 1S not observed under {100] torsional and (111] extensional
vibrations, and this is interpreted as due to the redistribution of H among four-site tunnel
systems over the faces of the cube containing the Zr atom. The other peak is predominant and
is always observed, implying the occupation of additional sites.
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EFFECT PS-1
THE OF NEUTRON AND GAMMA IRRADIATION ON YB

CO AND ]

SUPERCONDUCTOR BPbSCCO HIGH Tc

M.M. Zein, W.E. Alnaser

Department of Physics, College of Science, University of Bahrain, P.O. Box 32038, Bahrain

1

The effect of neutron irradiation in YBCO high T-superconductor (T, = 93 K) and the effect of

Y-irradiation in BPbSCCO high T_-superconductor (T, = 87 K) has been studied. Each sample
was given successive irradiation for §, 10, 15, 20 and 30 hours. The mechanical loss spectra
have been recorded for temperature from liquid nitrogen to room temperature. In the former
sample (YBCO), the height of the five observed relaxation peaks increase as the neutron dose
was increased. The peak heights increase nearly by a factor of two (when comparing the
neutron irradiation for 30 hours with the non-irradiated sample). In the later sample

(BPbSCCO) the peak heights increase by a factor of 1.5 (for 30 hours y-irradiation). The peak
temperatures in both high T_-superconductor show nearly no change as the neutron or gamma
irradiation increases. In the YBCO sample the peaks always occur at 113, 123, 147 and 243
K, while in BPbSCCO the peaks always occur at 87, 112, 128, 170 and 230 K, respectively
when measurement is carried out at 10 MHz using the pulse echo technique (single ended). |

Ps-2
STOICHIOMETRY DEPENDENCE OF OXYGEN ANELASTIC RELAXATION IN Y
BAC
AND THE ORTHORHOMBIC TO TETRAGONAL PHASE TRARSITION 2 27

E. Bonetti, EG. Campari, P. Mattioli, A. Zingaro!

Dipartimento di Fisica, Universita’ di Bologna, Consorzio INFM and GNSM-CNR, via Imnerio 46,
40126 Bologna, [taly.
(1 Istituto di Metallurgia,Universita’ di Bologna, v.le Risorgimento 4, 40136 Bologna, Italy

Measurements of the elastic energy dissipation coefficient and of the dynamic elasticity moduli,
have been performed on polycrystalline YBCO specimens by the vibrating reed technique and
torsional pendulum in the 10-104 Hz range. Tests have been conducted in isothermal and isochronal
conditions, in different oxygen pressure and for different and carefully controlled stoichiometries.

From the isothermal modulus measurements, details have been obtained on the orthorhombic to
tetragonal phase transition kinetics. Two stages have been identified contributing to the
transformation. Long times modulus isotherms of exponential type give an activation energy 0.9 ¢
0.1eV.

The isochronal elastic energy dissipation measurements show two peaks PQ1,Pg2 whose nature is
intrinsically relaxational. A carefull investigation of peaks parameters: activation energies,
relaxation strenght, peak shape and peak temperature, unequivocally indicate that they may be
atributed respectively to short range oxygen dynamics in the well oxygenated twinned
superconducting phase and in the superconducting substoichiometric ones. The evolution of these
peaks with oxygen in-out diffusion was carefully investigated. Phenomenological models for the
structural transformations and the dynamics of oxygen in different stoichiometric conditions are
discussed and compared with those derived by other authors.




PS-3
STUDY OF OXYGEN BEHA VIORS IN Bi-SYSTEM SUPERCONDUCTORS BY INTERNAL
FRICTION MEASUREMENTS

T.G. Chen, Y. Chen, X.M. Xie, and L.W. Zhang

Shanghai Institute of Metallurgy, Chinese Academy of Sciences
Shanghai 200050, P.R. China

Low frequency internal friction (IF) measurements have been carried out for the 2223 phase
(Bi, (Pbg ,Sr,Ca,Cuy0,,,4) and the 2212 phase (Bi,Sr,Ca,Cu,0,,,) superconducting specimens subjected
to in situ vacuum (20%) thermal cycling in different temperature regions. It was found that for the
as—prepared 2223 specimen there exists a broad and asymmetrical IF peak located at 130C (f= 5.8 Hz),
and during successive vacuum cycling the peak shifts graduallly towards higher temperature and shows
complicated changes in height, decreasing in the early stage and increasing afterwards. By means of com-
puter fitting, all of the IF peaks can be well decomposed into two sub—peaks, P, and P, , located at
127C and 170T with relaxation activation energics of 0.66 ¢V and 1.10 eV respectively. It is interesting
that with decreasing oxygen content in the 2223 phase, the P. peak drops while the P, peak rises in
height. From this fact, we concluded that there exist two kinds of oxygen defects in the double
Bi,~O, layers: the isolated interstitial oxygen atoms and the axygen vacancies in the one—dimensional
excess oxygen chains. On the other hand, a result from Hall measurement exhibited that with oxygen
content, the changes of the charge carrier concentration and the height of the P, peak are very similar. So
that, we believed that the isolated interstitial oxygen would play a crucial role in determing
superconductivity in the 2223 phase superconductor. The IF behavior for the 2212 phase compound was
also studied, and it is similar to that for the 2223 phase, but the height of the IF peaks of the 2212 phase
are much higher than that of the 2223 phase, indicating that more excess oxygen is inserted in the double
Bi,—O, layers for the 2212 phase superconductor.

Ps-4
ULTRASOUND ATTENUATION AND VELOCITY IN B138r3.(Cay,(Cuy0g

J. Dominec, V. Plechd®ek, C. Laermans

_ J. Dominec, V. PlechaZek
Inst. of Physics, Cukrovarnicka, 160 00 Praha 6, Czech Republic
. C. Laermans
Kath. Univ. Leuven, Celestijnenlaan 200D, B-3001 Heverlees. Belgium

’We have measured ultrasound attenuation and velocities in Bi;Sry (Caj, (Cu3Og samples with
x=0, .25, .50, .75, 1. The attenuation has a maximum near to 240 K in ali samples. The velocities increase

upon cooling, as expected. However, this increase depends on x for the longitudinal velocity and it is
almost independent on x for the shear velocity.




Ps-5
OXYGEN MOBILITY IN YBa;Cu3O7.5-1 - EXPERIMENTAL RESULTS

P. Gadaud!, B. Kaya?, J. Wourgard?

(1) LMPM - ENSMA, rue Guillaume VII, 86034 Poitiers, France.
(2) LMP - Université de Poitiers, France.

The aim of this experimental study is to characterize oxygen mobility in CuO confined planes in the
YBaCuO high T, superconductor. The large scattering of oxygen relaxation parameters given by different
authors indicates that oxygen stoichiometry, correlated to the degree of anisotropy, is the most important
parameter influencing the apparent relaxation characteristics. Our intention is to describe oxygen relaxation
as a function of its concentration by means of very low frequencies mechanical spectroscopy technique,
allowing measurements in a temperature range where this concentration stays stable.

For oxygen rich specimen, corresponding to orthorhombic-1 phase, we observe a single relaxation
peak. The measured activation energy E; varies between 0.8 and 1.3 eV and is a complex function of oxygen
concentration. For less rich oxygen contents, a second relaxation peak is observed, coexisting with the above
mentioned one. Its energy Ejj is about 1.10 eV, independent of the concentration. However chimical and X-
Ray analysis and phase diagrams prove that this second relaxation is associated with orthorhombic-II phase
existence.

A second paper describes a theoritical analysis proposed to explain mainly the variations of relaxation
characteristics in an anisotropic and concentrated medium and the possibility to observe both isotropic and
anisotropic relaxation types in an anisowopic phase.

P5-6
OXYGEN MOBILITY IN YBaCu307.5 - Il - THEORITICAL ANALYSIS

P. Gadaud® B. Kaya®

(1) LMPM - ENSMA, rue Guillaume V11, 86034 Poitiers, France.
(2) LMP - Université de Poitiers, France.

In this paper we propose to develop a microscopic model describing the relaxation of concentrated
interstitials in an anisotropic medium ; it is applied to experimental results of oxygen mobility in YBaCuO
displayed in another paper in this session. If different authors have taken into account the difference of

energy sites and atoms populations characterizing CuO planes along a and b perpendicular axes, we
introduce new conditions :

— Boltzman's law is not verified. Neighbouring sites probability of occupation introduces new jump
frequencies and thermal equilibnum conditons.
- jump probabilities of interstitials of the same nature are correlated. This correlation do not act on

relaxation parameters in isotropic media, but considerabily changes the relaxation time in anisotropic media
towards higher temperatures.

The model shows that the relaxation time do not follow an Arrhenius law, but apparent activation

energies can be deduced in experimental window, and are in good agreement with experimental values
obtained for different oxygen concentrations.

Thermal equilibrium is more complex to describe in orthorhombic 11 phase. However, we assume that
two independent relaxations exist in this phase. The first is a Snoeck type relaxation between equivalent sites
corresponding to relaxation in tetragonal phase. The second is associated to jumps between sites of different
energy levels as described in orthorhombic 1 phase.
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Ps-7
ELASTIC MODULI OF SOME HTS SINGLE CRYSTALS

V.D. Fil', E.V. Bezugly:, N.G. Burma, A.L. Gaiduk, [.G. Kolobov

Physico-Technical Institute of Low Temperatures, Ukranian Academy of
Sciences, Lenin Avenue 47, Kharkov 310164, Ukraine

We report the ultrasonic measurements of the sound velocities in the La(2-x)Sr(x)Cu04
and Nd(2-x)Ce(x)Cu04 single crystals at frequencies of == 50MHz. We used a novel version of
the phase method elaborated for measurements of absolute value of the sound velocity in
the strongly attenuating highly scattering materials (twinned during the phase
transformations) and obtained the complete sets of the velocities within the accuracy not
worse than 1% at two temperatures: 77K and 295K for two dopant concentrations: x=0, 0.13
in both compounds. That enables us to derive the elastic moduli tensors and to calculate
by numerical averaging the Debye characteristic temperatures of these crystals. In
LSCO the temperature of orthorhombic phase transition determined acoustically agrees with
other experimental measurements, e.g. for x=0.13 T=150K. An interesting result is that
some elastic moduli decrease with Xs partigularly, a modulus (cx:z-cu)/z decreases almost
by two times at 77K: from 4.6%10 erg/cm for x=0 to 2.53%10 "erg/cm for x = 0.13.
This softening reflects in the Debye temperature drop from 441K to 397K, respectively.
Temperature dependencies of sound velocities in LSCO reveal another anomaly: marked
softening of the ctt and (ctt-c12)/2 moduli that is accompanied by a peculiarity in
magnetic susceptibility along the CuQ layers. The characteristic temperature of this
anomaly is x-dependent (20K for x=0 to 6K for x=0.125). Its origin is connected most
likely with potential lattice instability with respect to low-temperature phase transition
of the type existing in the LaBaCuO structure.

PS-8
LATTICE THERMAL CONDUCTIVITY OF YBCO-SUPERCONDUCTORS

R.P. Gairola, R.M. Bhatt

Department of Physies, HNB-Garhwal Universigy,
P.0.Box-72, Srinagar Garhwal, 246 174, India

The lattice thermal conductivity of YBapCug O compounds,
have Dbeen theoretically investigated, by considering the
scattering strengths due to boundary, point-defect, 3-phonon and
the electron-phonon scattering. The role of interference terms
between the point-defect and 3-phonon scattering, in the phonon
relaxation rates, has been found important, near the low
temperature (T<Te) conductivity maximum. The abrupt change of
slope in K vs T curve near Te and the presence of a weak max imum
around 160K, has been explained by considering the relative
strengths of various scattering terms. A good agreement between
theory and experimental measurements has beer_l achieved. Tt‘me
present analysis differs from those using Callaway's
phenomenological model , with the view that we do not expl!cltely
assume the validity of the inverse summation rule in the
conductivity calculations, as done by earlier workers.
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Ps-9
LOW TEMPERATURE MECHANICAL ENERGY DISSIPATION PHENOMENA IN
PRASEODYMIUM-DOPED YTTRIUM SUPERCONDUCTORS

M. Gazda!, B. Kusz!, R. Barczynski!, O. Gzowski?, L. Murawski !, S. Stizza?

(1) Department of Physics and Mathematics
Technical University of Gdansk, Gdansk, Poland
(2) Dipartimento di Matematica e Fisica
Universita di Camerino, Camerino, {taly

Studies of the anelastic properties of Y.xPrxBa;Cu307.5 ceramics (0<x<1) were
performed. The internal friction and Young's modulus measurements were carried out by the
vibrating reed technique in the temperature range from 20 to 170 K. The measurement
frequency was in the range of 90 - 760 Hz.

The aim of this work was to investigate the influence of praseodymium contents on
the anelastic properties of 1-2-3 material.

The main phenomena which are caused by doping with praseodymium can be seen in
the low temperature part of the internal friction spectra (20 - 40 K).

The maximum at temperature about 40 K, known as maximum 1 in the spectra of
yttrium 1-2-3 material, gradually decreases with the increase of praseodymium contents (for x
< 0.6). Finally, it disappears in the Yo sProsBa;Cu3Q5_; sample. Relaxation processes located
in the conducting planes, possibly electronic phenomena, have been considered as an origin of
maximum 1.

The samples which contained more than 70% of praseodymium (x > 0.7) showed
other two low temperature maxima observed at temperature 25 - 40K. In the spectra of
PrjBa;Cu3 075 they are large and partially overlap.

The common feature of all the Y xPryBasCu307.; samp!les regardless of the dopant
contents is the presence of internal friction maxima observed in our frequency range at
temperature 80 K and 100 K (maxima 3 and 4 in the spectra of 1-2-3 material). Neither their
temperature nor height was significantly affected by the presence of praseodymium.

P5-10
INTERNAL FRICTION AND ELASTIC TWIN DYNAMICS IN HIGH-Tc SUPERCONDUCTORS

S.A. Gndnev

Polytechnical Institute, Voronezh 384711, Russia

High-T superconducting Y-Ba-Cu-O ceramics undergo a structural ortho-
-tetra phage transition (P4/mmm - Pmmm) near 920 K which is accompanied by
the appearance of spontaneous shear strain and the ferroelastic twins ori-
ginating in the (110) plane below 920 K. Nowadays there is no doubt that
twin structure rearrangement greatly influences on mechanical properties
of twinned samples. But there is no common point of view about a contribu-
tion of twin wall dynamics in the low-frequency internal friction of high-
-T superconductors. The internal friction (IF} and shear elastic modulus
measurements of Y-Ba-Cu-O samples were made by an inverted torsion pendu-
lum at a frequency 1 - 20 Hz in a wide temperature range 50 - 950 K. A few
pronounced IF peaks and corresponding shear modulus changes were observed
near 70, 90, 240, 370, 550 and 910 K. The experimental results allow
to conclude the influence of twin boundary content in a sample on the
strenght of relaxation processes near 90, 240, 550 and 910 K. The features
of IF anomaly at 910 K srow that the mechanical losses in the vicinity of
first order ferroelastic transition are due to the movement of domain and
phase boundaries through the stoppers. IF peak near 3550 K is of the Depue
type. The relaxation is supposed to be due to the process of interaction
between the elastic twin boundaries and point defects (oxygen vacancies).
It was found out that 240 K-peak noticeable increases with a temperature
rate increasing, besides it is accompanied by a great shear modulus hystg—
resis. The results do not contradict the idea of martensite-like transiti-
on presence in the peak region. The IF peak near 90 K supposes to be dge
to the structural instability of the crystal lattice related to the twin
dynamics.




PS-11
ULTRASONIC BEHA VIOR OF Y BayCu3.xFexO7.y HIGH Tc SUPERCONDUCTOR

J.K. Hy, CF. Zhy, 1.X. Zheng, Y.P. Zheng, W. Liu

Laboratory of Internal Friction and Defects in Solids
University of Science and Technology of China, Hefei 230026, P.R. China

The behavior of ultrasonic velocity and attenuation on YBa;Cuy ,Fe, O,
high Tc Superconductor has been studied with Puise-echo method from 15K to
300K at 5SMHz and 10MHz. Ultrasonic anomalies have been observed near Tc,
170K and 240K. There are two attenuation peaks at 170K and 240K. The big
peak at 240K is a phase transition one coming from anti-symmetric distortion of
Oxygen atoms on Cu-O plane. This peak is not related to superconducting
transition. The small peak at 170K maybe from Martensitic phase transition and
motion of twins. There are also velocity anomalies at 170K and 240K. Near Tc,
phonon soften has been found, and attenuation decreased, it is similar to the
behavior in traditional superconductors.

PS-12
ELASTIC PROPERTIES OF FULLERENES

C. Hucho, D. Maurer, M. Kraus, and V. Miiller

Institut fiir Experimentalphysik, Freie Universitit Berlin,
Arnimallee 14, D-1000 Berlin 33, Germany.

We report on ultrasonic measurements of both sound velocity and at-
tenuation on samples of different Cgo/Cro composition. Although the
well-known phase transitions at about 160 K and 260 K are clearly seen
in our experiments, concerning the absolute values of the sound velocity
our results differ markedly from thosc found by mcans of low frequency
vibrating reed techniques on pure Cgo. The possible consequences for
both the bonding and the superconducting pairing mechanism will be
discussed.
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PS-13
; EFFECTS OF THE MAGNETIC FIELD ON THE INTERNAL FRICTION OF YBayCu30¢9-THIN
FILMS

C. Hiinnekes, H.G. Bohn, W. Schilling, H. Schultz

Institut fir Festkorperforschung, Forschungszentrum Jalich, 5170 Jilich, Germany

We present internal friction (IF) measurements of epitaxial YBaaCu3Og 9 - thin films on LaAlO3
and NdGa0Oj substrates in magnetic fields up to 3T. The film thickness was varied between 50nm and
600nm. Patterned films and films with an isolating SrTiO3 interlayer were also investigated in order to
study effects related to the sample geometry.

For fields perpendicular to the c-axis of the films we find a sharp maximum in the temperature
dependence of the IF slightly below T¢. For a small tilt of the samples with respect to the magnetic
field the maximum broadens and shifts to lower temperatures. The occurence of these maxima can be
explained by means of thermally assisted flux flow (TAFF). The position of the maximum is related to
ar activation energy which describes thermal diffusion of flux lines. In order to account for the width
of the maximum a distribution of activation energies has to be taken into account. This distribution may
be attributed to the structural quality of the films.

Measurements at constant temperature and varying field exhibit spikes in the IF at particular values
of the field. There are indications that these spikes are related to matching effects of the flux lattice
with respect to the geometry of the sample thus providing a means to investigate the structure of the
flux line lattice.

PS-14
AMPLITUDE DEPENDENT DAMPING AND YOUNG MODULUS DEFECT OF COARSE
GRAINED Y-Ba-Cu-O CERAMICS AT 6-20K

B.K. Kardashev!, S.P. Nikanorov!, V.M. Chemnov?

(1)loffe Physico-Technical Institute of Russian Academy of Sciences,
194021, St.Petersburg, Russia.
(2)Institute of Power Engineering, 249020, Obninsk, Russia.

Amplitude-dependent internal friction and Young modulus defect of

YBaZCu:;Oy (y=6.89) are investigated by composite oscillator technique at

frequency of longitudinal vibrations of about 100 kHz at temperatures from 6
to 20K. It is found that irreversible changes of the acoustic parameters
(decrement and resonant frequency of the sample) which arise during
measurements of their amplitude dependencies at 6K are fractlionally
disappeared during low temperature annealing up to 20K. The annealing up to
room temperature recovers the values of acoustic parameters completely. It is
shown that magnetic field up to 1.5T does not influence on measured acoustic
effects. The data are discussed in the framework of a model where dislocation
interacts with some pinning centers mobile at very low temperatures.
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STRUCTURE TRANSITIONS AND INTERNAL FRICTION OF HIGH Tc SUPERCONDUCTORS

N.P. Kobelev, YaM. Soifer

Institute of Solid State Physics, Russian Academy of Sciences,
142432 Chernogolovka, Moscow district, Russia

! Effect of structural defects on the elastic moduli, dissipative
properties and acoustic emission of the b’ -4 T, ceramics and mono-
crystals of Y Ba2Cu301_6 with & varying fr... 0 to 1 was investigated

in the temperature range from 4.2 K to 300 K. The measurements were
carried out at the frequencies of 5 MHz and 100 kHz by high frequency
resonance and composite vibrator methods, respectively. The measure-
ments of acoustic emission were made at frequency of 2 MHz. It was
found that the temperature spectra of internal friction for the su-
perconducting (5=0) ceramic specimens contained several peaks at the
temperatures of 80, 110-150 and 240 K. Simultaneous measurements of
the elastic modulus revealed strong hysteresis behavior during hea-
ting and cooling processes. For the specimens with §>0.5 the internal
friction temperature spectra were different. In all cases the peaks
magnitudes and the depth of hysteresis curve were strongly dependent
on the quality of the specimens ( by presence of voids, cracks, by
perfection of intergrain contacts). It was also observed that during
the heating and cooling of ceramic samples acoustic emission signals
appeared at the temperatures which corresponded to the internal fric-
tion peaks temperatures. The measurements carried out with single
crystalline specimens of the same composition showed that the level
(intensity) of acoustic emission signals were essentially lower than
for ceramic samples. The results observed are discussed in terms of
the conception of structural rearrangement of the intergrain region
due to temperature.

PS-16
THE DEPENDENCE OF FLL DISSIPATION ON MAGNETIC FIELD ORIENTATION IN CERAMIC
HIGH-Tc SUPERCONDUCTORS

J.Li', J.S. Zhu!, Y.N. Wang!, G.H. Cao?

1.National Lab. of Solid State Microstructures,
Nanjing University, Nanjing 210008, cChina.
2.Beijing Science and Technique University,
‘ Beijing 100083, China.

With the vibrating 1eed technique, we have studied the flux-lattice-line
(FLL) dissipation of ceramic YBCO and BSCCO as a function of transverse
magnetic field with diffrent relative angle between magnetic field and the
vibrating direction of sample. The modulus (M} and internal friction (IF)
increase with the applied field and their response to the magnetic field
varies with the angle. When the angle is 90, no significant chang of M and
IF with magnetic field is observed. With the angle decreased, the response
of M and TIF to field increases and gets to its maximum at 0 angle.
Diffrent deformations of FLL in diffrent orientation of field due to the
anisotropy of elastic constans of FLL were used to enplain the observed

phenomena.




PS-17
THE ANOMALOUS FREQUENCY DEPENDENCE OF ENERGY DISSIPATION IN Bi-V-Sr-Ca-Cu-
O SUPERCONDUCTORS

Z.C. Lin!, C.C.Lam?,J.X. Zhang!, P.C.W. Fung3

(1) Depantment of Physics, Zhongshan University, Guangzhou 510275, P.R. China
(2) Department of Applied Science, City Polytechnic of Hong Kong, Hong Kong
(3)Department of Physics, University of Hong Kong, Hong Kong

We measured the ac complex susceptibility of sintered BiisVasSr2CaCu:0s and Bit~Veo-Sr:CaCweOs as a
function of temperature (60 -150k) and ac magnetic field amplitude (1-100¢) and frequencies (10 - 500Hz).
According to our investigation, the imaginary part of the susceptibility " corresponding 10 power loss depends
on the measuring frequencies strongly. The loss peaks shift from 78K to 94K with the frequency increasing
from 10Hz to 100Hz, and shift from 94K to 77K with the frequency increasing from 100Hz to 500Hz. Only flux
creeps modet fail to explain that the peaks of energy loss shift with temperature as frequency f increases.

A mode] considering Anderson flux creeps and current density in critical state accounts for the observed
frequency dependence, the discussion will give the pinning force quasi-quantitatively in intergranular vortices
of polycrystalline High-Tc superconductors.

P5-18
INTERNAL FRICTION STUDY OF 2201 PHASE IN RiSrCaCuO SYSTEM

W.Liul, Y.P. Liu2, Y.T. Wen!, Y.T. Qian!

(1) Laboratory of Internal Friction and Defects in Solids,
University of Science and Technology of China, Hefei 230026, China
(2) Department of Chemistry, Anhui University,

Hefei 230027, China

Internal friction measurements were carried out using the flexure bending
and torsional pendulum techniques on pure and dopping polycrystalline
specimens of Bi-2201 phase in different stoichiometric conditions. An large
acoustic frequency intermal friction peak can be observed around 150K. The
relaxation strenth depends considerably on the amount of the oxygen vacancy in
the specimons, which increases with increasing the amount of the vacancy in the
specimons. We suggust that this internal friction peak is caused by the migration
of the oxygen vacancies in the Sr-O plane. In the range of 90 to 130K, there
exists a low frequency internal friction peak associated with the anomalous
modulus in La dopping Bi-2201 specimon. It is a phase transformation internal
friction peak. In the paper the results of ultrasonic velecity obtained from the
specimon of pure Bi-2201 phase is also reported.




PS-19
ULTRASONIC STUDY ON HIGH-Tc SUPERCONDUCTOR La,xSrxCuO4

L-Ma, T. Deng

Natiops! Laboratory on Superconductivity, lostitute of Physics,
Academia Sinica. Beijiog, 100080, People's Republic of Chins

Ultrasonic measuremeats on high- Tc superconductor  LSCO
solyerystalline sambles have been performed with temperature from 4 to
300 K. Two atteauatios peeks are observed around Tc in these samples.
As the Sr concentration increases, the one below Tc ehifts to Te
until reaches it. the other above Te shifts from 106 to 78 K as the
doping level varies from 0.1 to 0.21. Except for the lattice softening
caused by the T-O phase transition an aedditional softening tendency
exists near 40 K. a hardecing tendency is existed near 80 K. The
lattice softening phenomenon disappears after the superconducting
phase is formed. is Sr conceptration iscreases the two teadencies
become blur, the softering phenomescon becomes more and more apparent
and the Poisson’'s ratio of the sample increases in the mesn time, but
the Debye temperature is anticorrelated with Tec in these samples,
Which shows the same feature as the BCS superconductors.

PS-20
NEW POSSIBILITIES IN ULTRASONIC STUDIES OF THE PHONON SPECTRUM FROM HIGH-
T SUPERCONDUCTING CRYSTALS

V.1. Makarov!, V.S. Klochko!, G.M. Vereshkov2

(1) Kharkov Institute of Physics & Technology, 310108, Kharkov, Ukraine,
{2) Rostov State University, 344104, Rostov, Russia

Based on the phenomenological theory of sound propagation in anisotropic
crystals, the authors propose a method of solving the main problems of the
acoustic spectroscopy of high-Tc superconducting crystals, namely, determina-
tion of characteristics and properties of soft phonon modes interacting with
acoustic waves. The information gained with this method is an essential addi-
tion to the data of neutron diffraction and optical studies of the phonon
spectrua from high-Tc superconducting crystals. On the basis of crystal sym-
metry properties, the theory predicts most informative crystallographic di-
rection for the phonon spectroscopy, e.g., for the tetragonal crystal with a
perovskite structure these are the [100] and [110] directions.

The theory has made it possible to explain the experimentally observed
anomalies of the temperature dependences of the velocity Vn{T) and the sound
absorption coefficient an{T) in La2CuOs:{Lix) single crystals (n={001], [100],
{110}), which are due to both the thermal excitation of soft optical modes and
phonon spectrum rearrangements in the vicinity of the structural phase tran-
sition.

For the crystals under study, determined are the type, sysmetry and
eigenfrequencies wo of scft modes, as well as the character of unit-cell de-
formation during the structural phase transition. It is shown that soft-mode
atom vibrations are, in fact, two dimensional, and the iwmplantation of Li im-
purity into the La2Cu0s4 lattice results in the change of the soft-mode disper-
sion law parameters. It is also shown that the singular part of the sound-ve-
locity anisotropy parameter in the basal plane is about 1/Wo“ain, and this al-
lows direct determination of the temperature dependence wowin of the soft aocde.
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PS-21
ULTRASONIC ATTENUATION TEMPERATURE BEHA VIOUR IN YBCO POLY
CRY
ITS POSSIBLE CORRELATION WITH THE HISTERESIS LOOPS IN VELOCIS"I"%\LS AND
MEASUREMENTS

i E. Biagi!, E. Borchi?, L. Masi> S. Sciortino?

, (1) Diparimento di Elettronica, Universita’ di Firenze, via di S.Marta 3, |-50139
ITALY

(2) Dipartimento di Encrgetica, Universita’ di Firenze, via di S.Marta 3, 1-50139
ITALY

Polycrystalline YBa2Cu306+x (x>0.9) samples with various density values were
investigated. Ultrasonic attenuation and velocity measurements for longitudinal and
shear waves were carried out using broad band transducers with central frequencics at
20 MHz, 10 MHz and 5 MHz, in & standard pulse-echo configuration.

Attenuation measurements in the range 50 K to room temperature are prescnted.
The data show a broad peak centered at about 230 K and a less pronounced peak at
Iower temperature that can be related to two hysteresis loops observed in the velocity
vs. temperature curves. These results are discussed and compared with previous works
on the subject.

P5-22
ANALYSIS OF THE OXYGEN RELAXATION SPECTRUM IN YBa;Cu30g, 5

Y. Mi, R. Schaller and W. Benoit

Ecole Polytechnique Fédérale de Lausanne,
Institut de Génie Atomique, Département de Physique,
CH-1015 Lausanne, Switzerland

It is well known that the superconducting YBa;Cu3Og.x ceramics exhibit an energy dissipation
peak at the temperature around 470K ( f =1.0Hz ). This peak is a relaxation peak, with an activation energy
E=1.1eV and a pre-exponential factor T, ~ 10-'3sec. It can be attributed to the diffusion of the oxygen
atoms within the Cu-O basal planes. However, the relaxation mechanism exhibits a behaviour which is not
classical. Effectively, the dependence of the peak height on the oxygen concentration is not regular.
Therefore, this peak can not simply be explained by a simple point defect relaxation.

In the present work, we present a systematic study of the evolution of this relaxation peak as a
function of the oxygen concentration (x). It is observed that the height of the peak varies dramatically as
the oxygen concentration is changed. The variation of the peak height can be explained by a two
dimensional model. Moreover, the shape of the peak is asymmetrical and therefore can not be interpreted
by a single relaxation mechanism. Instead, the peak can be dissociated into two enlarged Debye peaks
which ire controlled by an energy distribution. This way of decomposition of the observed peak is more
meaningful by taking into account the structural transformation which is related to the variation of the
oxygen content in the specimen.




Ps-23
ACOUSTIC ABSORPTION IN HIGH-TEMPERATURE SUPERCONDUCTORS DUE TO PSEUDO
JAHN-TELLER CENTERS

L. Mihailov, A. Manov, and A. Vavrek

Institute of Solid State Physics, Bulgarian Academy of Sciences
72 Tzarigradsko Chaussee Blvd., 1784 Sofia, Bulgaria

The temperature dependence of the acoustic absorption of Lay_.Sr.CuQ, and YBa;Cu3O7_s5 up to 100 K
is calculated using the two-well tunneling systems theory. The presence of tunneling systems in high-T
superconductors due to Pseudo Jahn-Teller effect, which specifies the tunneling systems' parameters, is
the main assumption in our calculations. The relaxation times related with the microprocesses of the
absorption are determinated by the reaction rate method. The relaxation processes taking into account
in our calculations are the non-radiative transitions as well as phonon assisting tunneling. The obtained
results are in a good agreement with the experimental measurements. The present calculation supports
our assumption for the presence of tunneling systems originated from Pseudo Jahn-Teller effect in high-T,

superconductors.

P5-24
SURFACE ACOUSTIC WAVE ATTENUATION IN SUBLIMATED Cgp THIN FILMS

Tatsuro Miyasato!, Tsuyoshi Takase!, Kenta Kirimoto!, Ryusuke Nishitani ! and Fumio Akao?

(1)Dept. of Computor Science & Electronics, K

. yushu

nstitute of Technology, lizuka, Fukuoka 826, JAPAKN

Dept. of Electronics, Okayanma Oniversity of Science,
Ridatcho 1-1, Okayama 700, JAPAN

[
(2)

The fullarene(Ceo) thin films ( 500 n» thick) we
~ re d s
onto the SA¥(Surface Acoustic Yave) devlces(lithiul-nlobzgg :::d
quartz substrates) directiy betveen the generating and the re-
celving Inter-dfgital-type electrodes by sublimating the fuil-
g::ne powder at 300 » 8nd the temperature dependence of the
*h sattenuation was measured at tenperatures between 70 K and
ll. ;ool temperatures, and at 200MBz for lithium-niobate and 120
"g‘cg¥':u::tfiv::tzzft:el:n:tratedtt?at this method is quite
such =ma
par;;gl::’by'wea: Yan der VYaals f:;c:.s composed of mesoscopic
érimental resuits are so far summarized 88 follovs
(1)Sharp attenuation peaks were observed near at 200 K and 250 K
(2);or the film deposited onto lithium-niobate substrate,
road attenuatfon peak vwas observed (compared with that for
;::::;l-:;ob:t:) ?ear ;80 K for quartz substrate.
' e behavior of the tewperature d -
(3)%::0:;:on d:pendg or the substrate. °pendence of the st
perature dependence curves shoved hystere
the ri{sing sweep and the reducing sweean Inyhnt: flsnget'een
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PS-28
INTERNAL FRICTION IN Bi-Sr-Ca-Cu-0 GLASSES

L. Murawski, R.J. Barczynski, K. Trzebiatowski, D. Samatowicz, B. Koscielska, M. Gazda, B. Kusz, O.
Gzowski

Faculty of Applied Physics and Mathematics
Technical University of Gdarisk
80-952 Gdarisk, Poland

The results of internal friction and DC conductivity measurements in Bi,Q,-Ca0O-SrO-
CuO glasses and partly crystallized glasses were reported. A comparison has been made with
internal friction spectra of superconducting ceramics and copper phosphate glasses.

The internal friction measurements were performed by low frequeml:z' vibration reed
and torsion pendulum methods. The mechanical loss peak observed at 150K (at 200 Hz) in
crystallized glass and bismuth superconducting ceramics can be correlated with the mecha-
nism of the DC conductivity in crystallized glass. The similarity of the relaxation parameters
suggests that the same mechanism is responsible for both processes. It may be associated
with the charge transfer between crystalline granules. In glassy state the DC conductivity
activation energy is higher (0.6eV). It squuts that the small polaron hopping between
copper 1ons in a different valency state Cu'* - Cu®* is responsible for charge transport in
these glasses.

. . Copper phosphate glass exhibits a mixed electronic-ionic behaviour. A large internal
friction peak in the high temperature range can be related to Cu'* ion migration in the glass
matrix. The high value of activation energy (= leV) observed in DC conductivity indicated
that ionic transport prevails in copper phosphate glass.

P5-26
ELASTIC AND RELAXATION PROPERTIES OF CuO AND HTS METAL-OXIDES

P.P. Pal-Val, L.N. Pal-Val, V.D. Natsik, S.G. Titova, |.S. Shchetkin

Institute for Low-Temperature Physics and En ineerinai
Ukr. Academy of Sciences, Lenin Ave. 47, 310164, Kharkov, Ukraine

It is known that the most of properties of the HTS metal-oxides are
governed by the state of the cuprate planes Cu-O. The similar planes with
2 planar coordination of copper by oxygen ions in a monoclinic unit cell
are present in Cu0. In this work, the absorption spectra and velocity of
ultrasound have been studied at temperatures 5 - 320 K and frequencies
47-370 kHz to establish common and different acoustic properties of the
%?rgglgg 8306 orthorhombic and tetragonal YBa Cu O, Bi, _Sr _CuOQ . .

2 "2 a2 2°x°

The temperature spectra of sound absorption in CuO and HTS metal-oxide
are similar in the intervals 30-60 K and 235-250 K. They have low- and
high-temperature peaks the behaviour of which is similar for all materials
when varying the vibration frequency. It is supposed that the high tempe-
rature Beak is due to the antiferromagnetic ordering. Further studies are
needed to clear up the nature of the low-temperature peak.

. The greatest differences between the absorption spectra in the cera-
mics studied take place in the intermediate temperature range 100 - 200 K.

The possible reasons of it are discussed in detail. ,
q At thermocycling, the temperature dependences of sound velocity in Cu0
| ceramics show a broad hysteresis analogous to that in HTS metal-oxides.
The presence of the hysteresis in Cu0 and the tetragonal YBaacu,Ox does

not agree with the assumption of its twinning nature. The development of a
domain structure of the low-temperature phase below the transition point
may be considered as a mechanism responsible for the hysteresis.
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Ps-27
ACOUSTIC PROPERTIES OF YBa; Cu3z Ox-Ag COMPOSITES

P.P. Pal-Val, LN. Pal-Val, V.D. Natsik, V.1. Dotsenko

Institute for Low-Temperature Physics and Engineering,
Ukr. Academy cf Sciences, Lenin Ave. 47, 310164, Kharkov, raine

The study of acoustic properties and structure of the composition
YBaacujox—Ag is made in a wide range of silver concentrations (c=0-100 %).

The analysis of the behaviour of the structure sensitive ultrasound
absorption peak shows that up to ¢ = 20 vol.%X the substitution of the Cu
atom? byathe Ag ones does not take place and no changes in oxygen content
are found.

In the samples with ¢210 vol.% Ag a new relaxation peak the amplitude
of which increases when increasing ¢ is found. The activation parameters
of this peak are determined and it is shown that the thermocactivated kink-
pair formation on dislocations in silver is the most likely relaxation
process responsible for this peak. ,

At thermocycling, the wide hysteresis is observed in the temperature
dependences of sound velocity.When increasing ¢, the hysteresis has a ten-
dency to decrease and disapgeares completely in the composite with ¢ 2 S0
vol.% Ag. It is obvious that the presence of plastic silver between grains

rovides relaxation of the thermoelastic stresses arising at thermocyc-
ing and removes the origin of the hysteresis.

For the first time, the concentration dependence of the longitudinal
sound velocity is obtained and the non-monotonic character of the depen-
dence is established in this composition. It is shown that formation of
the intergrain silver layers improves mechanical contacts between grains
at low ¢ and leads to the increase of sound velocity. Its further decrease
at higher ¢ is due to a thickening of the layers of silver which has the
lower sound velocity than the grains of YBaaCu 0

PS-28
ULTRASONIC INVESTIGATION ON Na-DOPED Y-1-2-3 HIGH Tc SUPERCONDUCTOR

R. Ravinder Reddy, B.V. Reddi!, P. Venugopal Reddy

DEPARTMENT OF PHYSICS; OSMANIA UNIVERSITY
HYDERABAD; 300 007, INDIA
(1) NATIONAL PHYSICAL. LABORATORY; NEW DELHI.
ABSTRACT

Yo.9P84 oNag 4

prepared by the Solid —state reaction method using highly pure
(99.9%) YZOB' BaCOS. NaCO3 and Cu0 taken in stochiometric ratio of

1:12:3. The calgined powder after grinding and pelletizing was
sintered at 965 C for 350 hrs. in air.

Cuaox high Tc syperconductor was

The ultrasonic 1longitudinal velocity measurement
was carried out by the pulse transmission technique over a
temperature range 80-300K. The velocity after remaining almost
constant between 300-253K, is found to increase rapidly reaching a
maximum value of S600m/s at ahout 125K. On further cooling the
velocity, however, is found tlo decrease continuously reaching a
minimum value of 2000m/s at 90K. In the superconducting phase
the velocity is found to remain constant. The observed anomalous
longitudinal velocily behaviour may be explained qualitatively omn
the basis of a model. According to this model, such maxima are
likely to occur at temperatures TQ&ZTc due to the instability of

the lattice and are likely to disappear with the addition of
dopants like sodium, potassium and lithium etc.
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P5-29
DAMPING OF THE ELASTIC MODULUS TEMPERATURE HY STERESIS AND OF THE 230 K
ACOUSTIC LOSS PEAK WITH DECREASING THE GRAIN SIZES IN HTSC YBaCuO
L.G. Mamsurova, K.S. Pigalskiy, V.P. Sakun, L.G. Scherbakova, A A. Vishnev

N.N.Semenov Institute of Chemical Physics, Russian Academy of Sciences.
117977 Moscow, ul.Kosygina 4, Russia.

Temperature dependencies of the Young's modulus and of the acoustic
losses 1n HTSC YBa, u,0, samples of different microstructures (grain sizes

1 - 60 um) were studied. Measurements were carried out using a 130 kHz
composite vibrator in the temperature range of 4.2-300 K. The samples were
pre}i)ared usin§1 a new method based on the preliminary mechanochemical oxlde
activation. This method allows to vary the in sizes 1in a wide

(1 um and even smaller in the super-fine-gralned samples). The T, value,

the Fhase state, the in sizes, and the 1intragrain structural
nonunlformity were controlled for all the samples 1lnvestigated.

In the coarse-grained samples, the temperature hysteresis of the
Young's modulus 1S cften observed which is accompanied by the acoustic loss
geak near 230 K. These effects dampen with decreasing the grain sizes, and

hey completely vanish in the super-fine-grained samples.

These findings are iInterpreted in terms of the first and the second-
order phase transitions, according to the T,x-dlagram appropriate for
YBaacuan' Theoretical treatment of thermodynamics of the oxygen 1ions

ordered along the Cut-04 chains shows that the interphase boundaries on the
T,x-diagram strongly deform, provided that the intragrain local strains are
taken into account when calculating the system's free energy. Some phases
can even disappear at all. This mechanism may be responsible for dampening
the structural phase transformations in the super-fine-grained samples,
and,lthus, for vanishing the hysteresis and the acoustic loses in such
samples.

PS-30
ULTRASOUND PROPERTIES OF Cgg FILMS

M. Saint-Paul, M. Nunez Regueiro, R. Britel, B. Pannetier, P. Monceau, and M.Brunei!

Centre de Recherches sur les Tres Basses Tempeératures
(1) Laboratoire de Crystallographie CNRS BP 166 Grenoble
France

Attenuation of acoustical surface waves in the range 100-500MHz
has been measured in sublimed Cgo fims. A large attenuation
governed by thermally activated mechanims having activation
energies of 0.07 and 0.3 eV and due to molecular reorientations is
observed between 100 and 300K.
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Ps-31
ULTRASONIC STUDY OF THE EFFECT OF Ag DOPING ON THE METASTABILITY OF Gd-Ba-
Cu-O SUPERCONDUCTORS

R. Sreckumar!, J. Philip! and N. Mishra?

(1) Department of Physics, Cochin University of Science and Technology
Cochin - 682 022, India
(2) Department of Physics, Utkal University, Bhubaneswar - 751 005, India

Ultrasonic velocity as well as attenuation have been measured as a
function of temperature in Ag doped GdBazCu307ﬂ6 (Gd123) systenms. The
systems studied are GdBaz(Cu‘_“Ag“)30_',_(5 with x = 0.0, 0.01, 0.02, 0.03.
The samples have been prepared by the solid state reaction of
stoichiometric mixure of Gdzoa, BaCOS. Cu0 and AQZO. Resistivity as well
as oxygen content have been determined in these samples. Ultrasonic
measurements have been carried out in all the four samples in the
temperature range 85-300K using Pulse Echo Overlap (PEQ) technique. The
relative velocity and attenuation have been determined in all the samples.
The velocity data shows anomalous increase around Tc and a broad peak
around 210K. The broad peak around 210K in the pure sample is found to
shift with Ag doping. It is attributed to the oxygen ordering occuring in
the Cu-0O basal plane due to the metastability of the 123 system. Room
temperature resistivity and the Te values are found to support these
results. The ultrasonic attenuation also shows a similar type of

behaviour.

PS-32
THE ULTRASONIC PROPERTIES OF DIFFERENT SUPERCONDUCTING PHASES IN BiSrCaCuO
CERAMIC

C.F. Zhu, J K. Hu, X.X. Cui, Q. Xie, Y.P. Zheng

Laboratory of Internal Friction and Defects in Solids,
University of Science and Technology of China, Hefei 230026, P.R. China

Ultrasonic longitudinal velocity and attenuation of superconducting phases
2201, 2212 and 2223 in BiSrCaCuO ceramic have been measured with pulse echo
technique at SMHz and 10MHz, between 15K and 300K, cooling and warming.
The resuits display a sharp elastic transition near 250K for each sample. This
transition shows significant thermal hysteresis for 2212 and 2223 phase sample
(20-30K), but only a small thermal hysteresis to 2201 phase sample. The reason
is discussed in this paper. In Pb-doping BiySryCa;Cu3Oy sample, we found a
new ultrasound anomaly at about 170K. We suggest that it is caused by a kind of
Martensitic phase transition.
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PS-33
INTERNAL FRICTION RELATED TO CARRIERS IN HIGH-Tc SUPERCONDUCTORS

Y.N. Wang!, Y.N. Huang!, QM. Zhangh!, HM. Shen! LS. Bai}, Z. Yang!, Z.X. Zhao?, G H. Cao*-P.
Liu? and J.L. Zhang?

(1) National Laboratory of Solid State Microstructures,
Nanjing University, Nanjing 210008, P.R.China
{Z) Institute of Physics, Academic Sinica P. O. Box 603,
Beijing 100080, P.R. China
(3) Beijing Science and Technology University,
Beijing, P.R. China

For both BiSrCaCu0 and T1BaCaCu0 samples, internal frictions (Q-1) in
the kHz range reveal a plateau (Qu-1) above Tc¢ and drop rapidly below Tc¢
with the turning points locating just at T¢ for various samples of

BiSrCaCu0 and TlBaCaCuO with different Tc. This ancmaly can not be obseried
for non-superconducting samples. Moreover, it is discovered that the Qp-!
is nearly proportional to Hall carriev density for Y{(Pr)BaCuQO with various
Pr content. These results show that the drop of @ ! bel-sw T¢ is closely
related to supercondiicting  condensation. The mechanism of Qp~ ! may be
attributed to the stress-induced reorientation of the polaron-like
distortion with various effective variants around the carriers. Further,
with taking account of tLhe smearing of superconducting gap structure

resulting from the recombination of quasi-particles and by modifying the
BCS relative jump rate as S{E,E',[) = Re { 1 - A2 /[(E-i[C)(E’'- iI')]),
the calculated results of internal friction below T¢ are in agreement with

the experimental data fairly well. The superconducting gap A and the
damping rate ' for both BiSrCaCuO and TlBaCaCuO have also been obtained,
they are pretty in accordance with those got by tunneling spectrum and NMR
methods etc.

Ps-34
ULTRASONIC ATTENUATION NEAR Tc IN HIGH-Tc TIBaCaCuO SUPERCONDUCTORS

Y.N. Huang!, Y.N. Wang!, H.L. Zhou!, Q.M. Zhangh!, Z.Yang!. and Z.H. Zhao?

(1) National Laboratory of Solid State Microstructures,
Nanjing University, Nanjing 210008, P.R.China
(2) Institute of Physics, Academic Sinica P. O. Box 603,
Beijing 100080, P.R. China

Ultrasonic attenuation of good TlBaCaCuO samples reveals a plateau
above Tc and drops rapidly below Tc with turning point locating at Tc, but
the decrease 1is not so steep as that of conventional superconductors.
Comparing our results with other experiments for high-Tc superconductors,
it can be concluded that this anomaly is <closely related to Fhe
superconducting condensation. Further, with taking account of.the smearing
of superconducting gap structure resulting from the recombination of quasi-
particles and modifying the BCS relative jump rate as S(E.E’.F? = Re {_1‘

A% /[(E- iT)(E'- iT )1}, the calculated results of attenuation are in
agreement with the experimental data fairly well. The superconducting gap
A and the damping rate I' for TlBaCaCuo have alsc been obtained, they are
pretty in accordance with those got by tunneling spectrum and NMR methods
etc,




P5-35
RELATIONSHIP BETWEEN INTERNAL FRICTION AND MAGNETIC FLUX PINNING FORCE
OF Y BayCu307. SUPERCONDUCTORS

Y.T. Wen!, HG. Bohn?

(1)Laboratory of Internal Friction and Defects in Solids
University of Science and Technology of China, Hefei 230026, P.R. China
(2)Institut flir Festkirperforschung
Forschungszentrum Jiilich, $170 Jiilich, F.R. Germany

Internal friction of magnetic flux pinning of bulk and film YBCO
superconductors was measured in temperature range of 10 to 150K and magnetic
field 0 to 1.5T. In small vibrating amplitude range, the internal friction increases
with the decreasing of temperature which is far away from Tc, and the internal
friction of film specimen is larger than that of bulk specimen. This behavier

shows that the larger the pinning force, the larger is the internal friction. The
possible reason is discussed in the paper.

P5-36
INFLUENCE OF LOW MAGNETIC FIELD ON ULTRASONIC ATTENUATION OF HIGH T¢
SUPERCONDUCTOR
Xiaorong Zhang!, Changming Gan!, Changguo Qian! Rongjue Weil, Shiyuan Zhang® and Hongchai
Zhang?

Shiyuan zhang® and Hongchai Zhang®
(1) The Labortory of Modern Acoustics, Institute of Acoustics,
Nanjing University, Nanjing 210008, China
(2) Department of Physics, Nanjing University, Nanjing 210008, China

Recently, a result about the influence of high magnetic field, at 40, 80, and
120KG, on the attenuation of ultrasonic wave with low frequency for BYCO supercon-
ductor has been present by Pantert. The influence of high magnetic field at a few thou-
sand gauss and a few Tesla on attenuation of ultrasonic wave with high frequency (a
few hundred MHz) for YBCO has been reported by levy. The influence of low magnet-
ic field on the attenuation of ultrasonic wave with low frequency for YBCO at liquid ni-
trogen(LN) temperature was presented here. The attenuation of ultrasound was exam-
ined by changing the orientation between magnetic field H and ultrasonic wavevetor q
and using pulsed ultrasoni¢ transmission method. The ultrasonic attenuation depends on
the magnitude and orientation of magnet field. After magnetic field turning on, the
sound amplitude at first increases with the increasing of magnetic field. When H reach-
es 250G (we regard it as Hcl), the sound amplitude decreases rapidly and gets satura-
tion value. The process from magnetic field turning on destroying superconductivity
have a delay. That means time is needed for the influencing of magnetic field. Discus-

sion is focused on the possibility of the relation between the ultrasound attenuation and
the flux lattice melting.




PS-37
A REVIEW ON THE ULTRASONIC BEHA VIOUR OF SOME HIGH Tc¢ SUPERCONDUCTORS

P. Venugopal Reddy

DEPARTMENT OF PHYSICS: OSMANIA UNIVERSITY
HYDEREAD -300 007, INDIA.

The author as a Principal Investigator of & Research Projecl on
Ha1gh Tc Superconductors and his students have been investigating for tlhe

last five years, the wultrasonic longitudinal velocity & atltenuation
behaviour of number of polycrystalline ceramic superconductors mainly the
Rare—-earth 1-2-3, HRi-2212, 2223, KHi-Pb-2223, Y-1-2-3/Ag composites elc;
having different compositions with varying concentration of dopants
frepared by the Solid state reaction / Sal-gel routes over a lemperature
range 80-300K. The study is desinged to understand the physics of elastic
behaviour of the new class of oxide superconductors. A review of the work
done so far,covering various aspects of the investigaltion,is gJiven here.
The ultrasonic longitudinal velocity of most of the samples in
constrast to the normal solids is found to decrease with decreasing

temperature in the temperature region 200-100K. For some samples, the
decrease of velocity is unprecedented and is as high as 70% of the room
temperature value. On further cooling , the velocity after showing a

slight increase, however, is found to remain constant in the
superconducting phase.The anomalous behaviour of the longitudinal velocity
+ which generally starts at temperature'rgﬂ ZTC, predicts that the lattice

of the material is in an instable phase over a very long temperature range

of about 100K. The anomalous variation of Vl has been explained as due to

the weak 1links or low intergrain contacts. The coarse grains of the
sintered samples are also may he responsible for the observed hehaviour.
The ultrasonic attenuation data of most of the samples yielded Lhree peaks
at temperature 7 250K ~J)150K and 100K. A model to explain the observed
peaks qualitatively is given

PS-38
THE SAW VELOCITY CHANGE IN Cgp FULLERITE FILM
Xoaorong Zhang !, Gang Gu!, Chanming Gan'! and Youwei Du?

(1) The Laboratory of Modern Acoustics, Institute of Acousitics
Nanjing University, Nanjing 210008, China
(2) Department of Physics, Nanjing University, Nanjing, 210008, China

In this article, the velocity change of surface acoustic wave (hereafter SAW)
propagating along Cg fullerite film, measured using pulsed SAW technique was pre-
sented. The Cgo fullerite films are deposited on Crystal of Y-Z LiNbOyand 127. 86 Y-
X LiNbO; substrates by thermal sublimation respectively. It is observed that the SAW
velocity change depends on the temperature, the thickness and the film quality. Two
discontinues changes of SAW velocity were observed at about 253k and 133k for mix-
ture fullerite film. The former is attributed to motion of interphase boundary of the or-
der-disorder transition. The phase transition at 13_3K may be related to superstructure
of the film. Only one discontinue change of SAW velocity was observed about 184 K
for pure and annealing film. The mechanism of this phenomena appearance is dis-
cussed. The comparison with other results obtained at low frequency by other authers
by means of the modified vibrating-reed technique and free-free bar apparatus is given.
The principle and result about the how to determine the film thickness from SAW ve-
locity are given too.




P6-1
LOW TEMPERATURE ACOUSTIC ATTENUATION IN LANTHANIDE PHOSPHATE GLASSES

G. Carini, G.D'Angelo, M. Federico, G. A. Saunders!, G.Tnpodo

Dip. di Fisica dell'Universita’, [-9801C S. Agata-Messina, ltal'y
‘) School of Physics, University of Bath, Bath, England

The temperature behavior of the scoustic attenuation in La,0,-P,0; and
Sm,0,-P,0, glesses shows the effect due to thermally activated relaxations
of structural defects in the I15K-400K range and to phonon-assisted
relaxation of two level systems (TLS) in the 1.5K-15K range. The addition of
lantanide ions decreases the relaxation strengths for both the TLS phonon
assisted and thermally activated relaxations. This implies that the same
centres are responsible for both the tunneling and high temperature classical
relaxation effects. The average activation energy of the process does not
show significant variations with increasing concentration of lanthanide ions.
This finding strongly suggests that the local arrangement of the relaxing
particles is not greatly influenced by the addition of of the network
modifier ions.

Taken together these two observations support the conclusion that the
relaxing particles are in the phosphate skeleton. Since the skeleton of the
vitreous phosphate is constructed from three corner bonded tetrahedra (PO,)
and the addition of modifier reduces the number of bridging oxygens, it is
argued that two types of models can be used to describe the relaxation
mechanism: the local motions of the oxygens which bridge between
neighbouring tetrahedra or the harmonic libration of the coupled PO,
tetrahedra.

P6-2
RELAXATIONS CORRELATION MODEL APPLIED TO AMORPHOUS MATERIALS

P. Gadaud!, A. Riviere!

(1) LMPM - ENSMA, rue Guillaume VII, 86034 Poitiers, France.

Statistical distributions of relaxation times are classicaly used to explain width an shape of internal
friction peaks. On the other hand, serial mechanisms or interactions between defects explain complex
relaxations observed in crystalline solids. In amorphous materials, relaxations are often charactcnz.cd by
very large peaks and by aberrant values of the activation energy and the time constant. If correlative or
hierarchic processes have been developped to understand such effects, their direct use to analyse relaxations
is not yet realized.

We propose here a new phenomenological model of correlation between severgl relaxing defects. T.hc
main idea is that a first kind of defect can only relax when (a) second kind defect (s) is (gu-e)’m a preferenpal
geometrical configuration in the neighbouring free volume. This hierachy leads to a distribution of relaxation
times for the first kind of defect depending on the relaxation time associated with the second defect.

If E and E' are their virtuel activation energies (non interactive case), the apparent energy deduced for
the correlative relaxation varies between E and E + E'/2 depending on the temperature. This analysis has
been applied as an example to the relaxation observed at 400 K in the glassy partofa SiC-LAS composite.

We extend this model to a n-correlative phenomenon (1 < n < 0) where an extended defect relaxes
(specific energy E) in the presence of n pseudo-defects (specific energy E) . The apparent °“'~‘:fg‘¥m"3*}
function of E, E' and n and depends on chosen correlation types. When completely developped, this c

would be used to analyse relaxation peaks associated with o and B transitions in polymers.




Pé-3
INVESTIGATION OF THE STRUCTURAL CHANGES OF IRRADIATED POLYETHYLENE BY
INTERNAL FRICTION

Lajos R. Fazekas, J6zsef S. Patkd, Istvdn Kdésa-Somogyi, G. Posgay, Istvdn Z. Harangoz6

Dept. of Solid State Physics, Lajos Kossuth University,
H-4010 Debrecen, P. O. Box 2, Hungary

A Ké-type torsion pendulum has been used at temperatures up to 470 K to mesure dynamic
modulus and internal friction in an low density (0.91 g/cm3 at 293 K) x’-irradiated polyethylene.

The samples were irradiated in argon atmosphere by Cob0, at a dose rate of 20 kGy/day. The
dose range was 0-300 kGy.

According to our results two groups of relaxation peaks appeared in temperature range of 230-
370 K:

- the group of f-transition peak developed at about 270 K,
- the maximums of the peaks of «-transition group are in the temperature range of 355-360 K.
The (-peak appeared in low density polyethylene is related to glass transition caused by the
freezing in and out of the segmental movements. This transition peak has not been observed in
the internal friction spectra of the structurally more ordered high density polyethylene.
The dpeak is related to the lattice site movements in the crystalline domains of our samples.

P6-4
LOW TEMPERATURE INTERNAL FRICTION IN COLD ROLLED AND HY DROGENATED
NigoNbyg METALLIC GLASS

V.A. Khonik!, L.V. Spivak?

(1) State Pedagogical Institute, Lenin Str.86, Voronezh,
394611 Russia
(2) State University, Bukireva 15, Perm, 614600 Russia

Cold rolling of NisoNb40 metallic glass (MG) results in appe-
arance of large IF peak in the range 2405Tpeak5280 K (at f = 300
Hz) . Characteristics of this peak are quiet close to that in other
cold deformed MG. Hydrogenation also leads to arising of IF peak
(ZZOsTpeak524O K) which is almost completely analogous to that in
rolled samples. It is discovered the phenomenon of MG hydrogen
plastification which consists in sufficient plastic deformation
during hydrogenation under small tensile load. It is argued that
plastic deformation without external stress takes place also and
1t 1is a result of stress relaxation in regions of hydrogen accumu-
lation. It is concluded that IF in hydrogenated samples is not an
analogue of Snoek relaxation. The nature of IF peaks in rolled and
hydrogenated samples has common origin and is determined by dislo-
cation-like defects which arise on plastic deformation.
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Pé-5
LOW-ENERGY RELAXATION IN GLASS STRUCTURE OF §i02-GeO; MIXTURE

T. Kosugi!, H. Kobayashi?, Y. Kogure3

( 1)Faculty of Science, Hiroshima University, Higashi-Hiroshima 724, Japan
(2)National Research Laboratory of Metrology, Tsukuba 30S, Japan
(3)The Nishi-Tokyo University, Kitatsuru-gun, Yamanashi 409-01, Japan

The glass state, as often represented by SiO glass, has charactenstic thermal and acoustic properties at low
temperatures, i.e., the specific heat linear in T and the thermal conducuvity proportional to T2 below 1 K,
acoustic properties explained by the two level system (TLS) model around or below 1 K, and the large acoustic
relaxation peak around the nitrogen temperature. These properties are generally considered 1o be due to the
existence of double-well potential in some atomic configurauon. However, there is no definite solution on the
real atomic configuration for it until now.

Our approach for seeking the solution is very simple but may be appropriate, i.e., we have tried 10 measure
precisely the ultrasonic absorption or internal friction (IF) of a mixed glass of 90 % Si0; and 10% GeO3, where
the sites of Si atoms in SiO; glass are expected to be replaced randomly by Ge atoms. The [F is measured

measured by a composite oscillator method using - 18.5°X-cut quartz transducer (51 kHz).

We have found a large relaxation loss between 4.2 K and 200 K, which has a broad peak around 50 K. The
loss is explained as the addition of the component observed in pure SiO7 glass which should have a peak around
35K, and a new one which has a peak around 65 K and may come from the Si-O-Ge bridge in the mixed glass.

This result prefers that the most probable origin of the structural relaxation of SiO glass is transverse motion
of the oxygen atom in Si-O-Si bridge among the existing structural models. In addition it is suggested that the
similar mechanism is the origin of TLS phenomena below 10 K. Further study of the dependence on the
composition rate in (8102)1.x(GeO»)y is in progress.

P6-6
ELASTIC AND UNELASTIC RELAXATION MECHANISMS IN MULTICOMPONENT
SUPERIONIC PHOSPHATE GLASSES

Y.V. llisavsky, L.A. Kulakova

Russian Academy of Sciences, Physico-Technical Institute,
Politechnical St.26 194021 St.Petersburg, Russia

The acoustical velocity and attenuation are investigated by pulse-echo and
acoustooptic technigues in (M20)x(P20s)v(Nb20s)i-x-v glasses, where M: Li, Na,
K ,Bband X = (30 - 55)%, Y = (27,5 - 50)%. The electrical conductivity of the
glasses varied with the composition from 10-® to 2.5 10-8 Sl -lcm~1. The measure-
nents were made in wide ranges of temperature (10-400)K and freqguency (14-1500)
MHz. The techniques used made it possible to measure acoustic attenuation from
5 to 700 dB/cm. The results of our study can be summarized as follows.

1. It is shown that double-well potential system model is valid for description
of both network defect and mobile ion dynamics in high temperature region.

2. The existing thermodynamical theory of acoustical interaction with two state
defects is expanded.

3. The theory explained well the experimental data both for attenuation and
velocity if: a) very wide distribution of network defect potential barriers
and b) double Gaussian distribution for mobile ion double-well potentials
are used.

4. It is found that ion double-well potential barriers are lower than that for
mobile ion percolation.




Pé-7
ULTRASONIC ATTENUATION MEASUREMENTS IN NEUTRON IRRADIATED QUARTZ: THE
INFLUENCE OF HEAT TREATMENT FOR A DOSE OF 4.7x10!%n/cm 2.

V. Keppens, C. Laermans, K. Sneyers

K.U.Leuven, Dept. of Physics, Celestijneniaan 200D, B-3001 Leuven

In recent years, it has been well established that amorphous solids show low temperature properties
which can phenomenologically be described by low energy tunneling excitations, the so-called tunneling
states (TS). In order to contribute to the microscopic origin of these TS, we have been involved in
ultrasonic studies of both electron and neutron irradiated quartz, since we could show that after
irradiation, quartz reveals similar "anomalies™ as amorphous solids.

Upon annealing, quartz irradiated with a neutron dose below a treshold of approximately 6x10* n/cm’
returns to the crystalline state. However, ultrasonic measurements after heat treatment for a dose of
1.2x10" n/cm® revealed that there are still TS left.

Here, we report the results of the study of the TS after heat treatment extended to a higher dose:
ultrasonic attenuation measurements are performed for a quartz specimen irradiated with 4.7x10"
n/cm® and annealed at 700°C during 1 hour. These measurements are carried out as a function of
temperature (0.3 - 20 K) for different frequencies (80 - 300 MHz). A quantitative analysis to the
tunneling model has been done and the derived parameters are compared with the results for this
specimen before annealing and the parameters obtained after a similar heat treatment on a sample
irradiated with the lower dose of 1.2x10” n/cm®

P6-8

ULTRASONIC ATTENUATION IN a-QUARTZ DUE TO E' DEFECT CENTERS
A. Manov

Institute of Solid State Physics, Bulgarian Academy of Sciences
72 Tzarigradsko Chaussee Blvd., 1784 Sofia, Bulgaria

The ultrasonic attenuation in a-quartz as a function of the temperature is calculated by taking into account
the relaxation processes due to £ series defect centers. The relaxation processes involve Ej — Ej, E'% - E,
interconversions and relaxation of the hybride ion at Ej defect centers. The relaxation timnes used in the
calculations are computed on the base on the Pseudo Jahn-Teller effect and reaction rate method. ’I:he
obtained loss curves follow the general trends predicted by the relaxation theory. The present calculation
may be useful in forecasting the response of quartz to irradiation with high-energy particles.




Pé-9
RELATIVE VARIATION OF THE SOUND VELOCITY IN PMMA AT INTERMEDIATE LOW-
TEMPERATURES

R. Oentrich!, R.Nava!2

(Olasututo  Venezolano de  lavesugaciones Cienuficas (INIC) P O.Box 21827
Caracas Venezuela

(2)Facutiaddelngemena. UniversidadCentral de Venezuela. Caracas. Venezuela.

We have extended measurements of the relative sound velocity vanauon 1n amorphous
polymethyi methacryiate from 4o 77K Qur experimental resuits of the temperature dependence

of the velocity shift Av/v al wntermedsate low-temperatures confirm s hnear decresse with

temperarure. We aisofind that the temperature coefficient of the velocity shuft § = d(Av.vydT
inglassy PMMA appears tobe frecuency-independent in the range from 5 to 50 MHz.

P6-10
ACOUSTIC PROPERTIES AND THERMAL EXPANSION OF Ge-As-Se GLASSES

S. Gapochenko!, Ya. Olikh?, V. Popov3

(1> Kharkov Polytechnical Institute, Kharkov 310002
(2> Institute of Semiconductore Ukraine Academy of Sciences, Kiev 252650
(3> Kharkov University, Kharkov 310077, Ukraine

We have measured the velocity and attenuation of longitudinal and
shear ultrasonic waves <30 MHz) and thermal expansion within the
temperature range of 80-300 K for GexAsysel-x-y 0« xgL03, 01y 04

glasses. The elastic parameters (Young’s modulus, shear modulus, Polsson’s
ratio and Debay’s temperature) of alloys were computed us=ing our data on
density at room temperature.

The resuits are discussed in dependence on mean coordination number
<m> (where <m> is calculated as <m>w2+2x+y) in the framework of the model
of chemical ordered continous random network (COCRN>. The values of <m,
which correspond to compositions under study, are within the range ot
21-3. The anomal behaviour of elastic parameters in dependence on <m> is
observed for glasses with 251{<m>{2.78. The characteristic temperature
regions in width of 10-30 K, where the behaviour of temperature dependences
of ultrasonic wave velocities may be caused by phase transitions, are
detected for all alloys. The dependence of temperature mean value, which
correspond to such region, on <m> ig in agreement with the dependences of
the elastic parameters on <m>. The temperature dependences of attenuation
of both ultrasonic wave velocities esxdbit some distinctions within thesge
temperature regions. The temperature dependences of relative lengthening of
the samples display no monotone behaviour for all alloys studied. Their the
most complex form is observed for glasses with 2.4Lm>{2.78.

Our results are not consistent with the COCRN model. They may be
interpreted in the framework of cluster model of glass structure.




Pé-11
DAMPING INSTABILITIES OCCURRING IN INTERNAL FRICTION SPECTRA OF
FERROMAGNETIC AMORPHOUS ALLOYS AS A FUNCTION OF TEMPERATURE

E. Ratovondrahona, G. Bouquet

Laboratoire de Métallurgie Structurale, Ecole Natonale Supérieure de Chimie de Paris
11, rue Pierre et Marie Cunie 75231 Paris Cedex 05 (France).

Intemal friction spectra of Fe-Si-B, Fe-Co-Si-B and Fe-Mo-Ni-B ferromagnetic amorphous alloys were
drawn as a function of temperature between room and crystallization temperatures.

Internal friction evolutions exhibit various stages associated with structural modifications. In the low
temperature range (25-100°C) a first stage corresponds to an internal friction level maintained at a constant value,
then a second one is characterized by an internal friction increase approximately linear between 100 and 200°C.
Above this temperature (200-400°C), a little and broad maximum is developped in relation 10 structural relaxation.
A next step, in the intemal friction evolution, is due to the ferro-paramagnetic transition. This phenomenon
appears as a limit between low temperatures structural modifications and the high temperatures ones when
crystallization takes place (400-600°C).

More original results are obtained when experiments are performed on a Ké pendulum, the specimen being
submitted to a slight longitudinal stress. Indeed, in the low temperature and crystallization temperature ranges
respectively, instabilities are detected in the damping curves, i.c. in amplitude against time curves. Instabilities
observed at low temperatures cover the two first internal friction stages and consequently they are assumed to be
associated with the release of internal stresses. At high temperatures, when crystallization occurs, new
instabilities are observed which are related 1o internal stresses due to an “explosive” crystallization phenomenon.
The experimental results are presented taking in account the possible effects of an applied magnetic field.

P6-12
ULTRASONIC ATTENUATION IN SUPERIONIC CONDUCTORS

V. Samulionis, V. Valevichius, A. Kezhionis, A. Brilingas, J. Banys

Department of Physics, Vilnius University, Sauletekio 9, 2054 Vilnius,
LITHUANIA

The results of experimental investigations of ultrasonic attenuation and velocity in superionic
conductors are presented in this communication. The temperature dependencies of ultrasonic
attenuation reveal high relaxational peaks and corresponding to them velocity dispersion. Such
behavior is determined by acoustoionic interaction. The piezoelectric type of interaction have
been observed in piezoelectric materials: AgiSbSi, AgiAsS3, AgPbSbiSs single crystals and
Agz2 S+Ags SbS3 policrystalline system. In piezoelectric crystals the single temperature dependent
relaxation time for fast ionic system was obtained from attenuation and velocity measure-
ments for piezoactive ultrasonic modes. This time was supposed to be the Maxwell relaxation
time of ionic electric conductivity. The attenuation peak heights were caused by the corre-
sponding electromechanical coupling constants; the peak width was determined by activation ener-
gy of ionic conductivity. The another type of acoustoionic interaction was observed in non-
piezoelectric ionic conductors: policrystalline Ags HgSz Js, Agisdiz P2 O3, AgeJaWO4 systems
and aiso in 0.55AgJ-0.45AgPOs superionic glass. In this case the observed ultrasonic relaxational
attenuation maxima were caused by elastic wave modulation of chemical potential felt by mobile
ions, i.e. "deformation potential” mechanism. In these materials the wide frequency spectrum
for ultrasonic relaxation has been observed. It is shown that vltrasonic attenuation peak height de-
pends on the concentration of the mobile ions in the material and also of the square of the
ion-phonon coupling constant. The characteristic ultrasonic attenuation and velocity anomalies

observed in the vicinity of the structural phase transition temperatures in investigated supe-
rionic conductors also are discussed.




Pé-13
INTERNAL FRICTION BEHA VIOUR OF a-PdggSizgp DURING MULTIFOLD ISOTHERMAL
ANNEALING

J.P.Shui!, C.L. Chiao?

(1) Insttute of Solid State Physics, Academia Sinica, Hefei 230031, China
(2) The Physics Department of Yiyang Teachers’ College, Yiyang, Hunan 413049, China

Thermal history is one of the important factors, that affects the structural relaxation of
amorphous alloys. Internal friction behaviour of a—PdgSi, during multifold isothermal
anncalings at different or same temperatures has been studied and internal friction values (Q7'(t))
vs. annealing time (t) curves were obtained. The internal friction data obtained can be fitted by a
stretched exponential expression, as follws:

Q1) = Aexp(-t/ 1) +B

it was found that pre—heat treatments affect the relaxation time t and exponent §.
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P7-1
ANELASTIC RELAXATION ASSOCIATED WITH THE INTERGRANULAR PHASE IN SILICON
NITRIDE AND ZIRCONIA CERAMICS

A. Lakki, R. Schaller

Ecole Polytechnique Fédérale de Lausanne, Institut Génie Atomique, CH-1015 Lausanne, Switzerland

Mechanical spectroscopy measurements were performed in silicon nitride and zirconia ceramics, using
an inverted torsion pendulum working with forced vibrations, in the temperature range between room
temperature and 1600K. In both ceramic materials a steep modulus decrease is observed at high temperature,
which announces the beginning of creep deformation of the material (microcreep). In parallel, the mechanical
loss angle spectrum presents a relaxation peak, su to an exponential background.

In both materials, the principal mechanism of creep deformation in the low stress regime is believed to
be grain boundary sliding. This is controlled by the viscosity of the intergranular layer present in these
materials. In the case of the zirconia ceramics, analysis of the mechanical loss spectra assuming a grain
boundary sliding model showed a good correlation with the results of creep tests performed in the same
materials. In particular, the influence of the amount of the intergranular phase, the influence of the grain size
and the apparent activation energy values as obtained by both techniques, are very close. In the case of the
silicon nitride ceramics, a well resolved mechanical loss peak is observed occuring at 1300K for 1Hz. The
associated activation parameters are unusually high (apparent activation energy of about 1000kJ/mol and
precxponential factor of 1040t 455-1) suggesting that the relaxation mechanism could be related to the glass
transition taking place in the intergranular phase. Effectively, a highly irreversible evolution of the mechanical
loss spectra was observed, depending on the chemical nature of the grain boundary interphase and on thermal
history. This evolution could be correlated with the cristallization respectively amorphization of the
intergranular phase, which was also observed by transmission electron microscopy.

The above results indicate that ceramics which contain an intergranular phase exhibit anelastic
relaxation phenomena associated with grain boundary sliding which could give valuable information on the
low stress creep behaviour of these materials.

P7-2
DISLOCATION INTERNAL FRICTION MECHANISMS IN PROPER AND IMPROPER
FERROELECTRICS-FERROELASTICS

S.A. Gndnev, B.N. Prasolov, B.M. Darninsky

Polytechnical Institute, Voronezh 394711, Russia

It is known, the features of internal friction (IF) near the structu-
ral phase transitions, in a great extent, are due to the coupling between
the macroscopic phase transition parameter and an external force. Really,
the behavior of the IF peak near the Curie point (T ) may be explained in
terms of the Landau-Khalatnikov relaxation mechanism‘at rather high frequ-
encies or the fluctuation loss mechanism at ultralow frequencies only in
those cases when an external alternating stress disturbs a spontaneous
strain (order parameter} from the equilibrium state in ferroelectrics-fer-
roelastics. But our experimental investigations have shown the presence of
pronounce IF peak near the Curie point for the such oriented samples,
where the external stress was not coupled with the order parameter. In the
case of improper ferroelectric-ferroelastic gadolinium mnlibdate crystal
the [IF peak height near T increases with a heating rate and decreases
with a strain amplitude of“a sample and an oscillation frequency. To ex-
plain these regularities a new loss mechanism which is attributed to the
interaction between the interphase boundaries and dislocations taking into
account the antiphase domain boundaries has been developed. For comparison
the IF measurements of the proper ferroelectric-ferroelastic potassium di-
hydrogen phosphate crystal at various heating rates and strain amplitudes
have made at the same frequency. Now the IF peak height increases with the
strain amplitude increasing. We believe that 1IF peak is due to the kine-
tics of dislocations interacting with phase boundaries and point defects.
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P7-3
THE RELATION BETWEEN INTERNAL FRICTION AND TENSILE CREEP DEFORMATION ON
ALUMINA CERAMICS

S. Sakaguchi, N. Murayama, Y. Kodama and F. Wakai

Govemment Industrial Research Institute, Nagoya
1-1, Hirate-cho, Kita-ku, Nagoya 462 Japan

The properties of intemal friction and tensile creep deformation are compared on alumina ceramics for
structural use. The invesugated alumina has 99.9% purity and average grain siz¢ of 6.2um. Intemnal friction
was measured with torsion pendulum type testing equipment, with increasing temperature up to 1450°C. The
frequency dependence of the internal friction was tested in the range from 1.27 to 12.0Hz by changing the
weight of the pendulum and the thickness of the specimen. Tensile creep deformation was measured with dead
weight type creep deformation testing equipment and optical extensometer. Creep test was conducted at 1350,
1400 and 1450°C. Apparent activation energy was calculated from both of the internal friction and the creep
deformation. Stress exponent was also calculated from the creep deformation.

Internal friction increases exponentially with increasing temperature, and it shows no characteristic
peaks with temperature changing. Then, internal friction values of 10x10°? and 20x10°3 were used to obtain
apparent activation energy from the relation between the internal friction and the frequency. It was obtained as
500 to 590kJ/mol. On the other hand, apparent activation energy obtained from the tensile creep deformation
was 580 to 690kJ/mol. Those are relatively close to the values from the internal friction. However,
conceming the influence of the grain size to the creep deformation and the intemal friction, they show different
results. Grain size dependence is significant on the creep deformation, and the exponent for the grain size
dependence was obtained as 2 to 4. However, grain size dependence was not clearly observed on the intemal
friction. Then, we cstimate that the activation energies from creep deformation and intemal friction represents
different phenomena. As the creep deformation is followed by the creep fracture and the stress exponent is
larger than 1, it is estimated that the activation energy obtained from the creep deformation is affected by the
cavity formation at the grain boundary. On the contrary, we estimate that the activation energy obtained from
the internal friction represents some damping mechanisms not at the grain boundary but in the grains, as
internal friction shows less dependence 1o the grain size.

P74
ULTRASONIC AND DIELECTRIC STUDY OF THE FERROELECTRIC PHASE TRA.:SITION IN
KH>AsO4

A. Sarras!, P. Kubinec2 A. Fuith!, H. Kabelka!, H. Warhanek!

(1) Institut fur Experimentalphysik, Universitit Wien,
Strudthofgasse 4, 1090 Wien, Austnia
(2) Department of Physics, Technical University of Transport and
Communication,
010 26 Zilina, Slovakia

The anomalous part of the ultrasonic velocity and the attenuation of longitudinal
ultrasonic waves in KH,AsOy at a frequency of about 10 MHz was measured.
The experiment was performed on ultrasonic waves ropagating along the
crystallographic axis (parallel and perpendicular to the t‘grroelectric axis in the
temperature range around the ferroelectric phase transition at T = 95K). The
measurements were performed using a sel designed apparatus to record the
ultrasonic transit time.

Using dielectric measurements the data of the piezoelectrically excited
mechanical resonances were used to evaluate the temperature dependence of the
soft elastic shear constant. From the dielectric data the domain freezing was
found to behave in a similar way as found in KH,PO,".

* E. Nakamura, K. Kuramoto

Resonance and Relaxational Dispersion around the Domain Freezing
Temperature in KH,PO,

4
J. Phys. Soc. Japan 37, 2182(1988)
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INTERNAL FRICTION AND MODULUS OF NANOSTRUCTURED SnO2 AND ZrO2 MATERIALS

Xie Cunyi, Zhang Lide

Institute of Solid State Physics, Academia Sinica,
Hefei 230031, P. R. China

A gystematic investigation on internal friction (IF) and modulus of
panostructured SnO, and ZrQ,; with different particle size was carried
out. It was found that the behavior of IF and modulus of nanostructured
ZrO, was different from that of nanostructured SnQ,. With increasing
sintering temperature, the IF decreased for nanostructured both SnO,; and
ZrOa, bowever, an obvious IF peak was observed for nancetructured SnO,.
fh to nanostructured ZrQ,, the modulus increased monotonously with
increasing sintering temperature, but the modulus of nancetructured SnO,
increased firstly and then decreased with increasing aintering
temperature. The detail discussion for the phenomena was performed.

P1-6
INTERNAL FRICTION STUDY OF TRANSFORMATION DYNAMICS AND DISSIPATION
FUNCTION IN CERAMICS BaTiO3
J.X. Zhang!, W.Zheng!, P.C.W. Fung2, K.F.Liang!

(1) Department of Physics, Zhongshan University, Guangzhou 510275, P.R. China
(2) Department of Physics, University of Hong Kong, Hong Kong

The internal friviion Q"1 and relative modules (Do) of pure and doped(semi-conductive) polycrystalline
ceramics BaTiOs were measured by a multi-function inverted vacuum torsion pendulum(with forced oscillating
model). The temperature range, frequency range and the heating rate of measurement were 120K to 500K,
0.1Hz to SHz and 0.25K'min to 5 K/min respectively. Three IF peaks and three modules minimums
corresponding to three phase transformations (CswCav. P1; CawCov, P2, Cav (paraelectric) / Ca (fesroclectric), Ps)
are observed. All the [F peaks show a viscoelastic feature and the nature of the first order PT. The pcak
temperature is indcpendent to the frequency of measurement and the peak height increases with an increasing
of (T/w)y . A coupling coefficient a of phase interface to the oscillating force is found to be afw) ~ w3 . For
pure BaTiOy, a1 = 0.25, 12 =0.025, L =0.093, L =0.185 for dipped BaTiOy, m = 0025, 13 =0190, i = 0.191,
: = 0.204 (m > m, I ~0.5L) The behavior of IF shows that it is caused by the motion of phase interface during
the process of the first-order phase transformation.

An interaction model and a phenomenological theory are proposed to explain the characteristics of IF and 2
dissipation function of the first-order phase transformation in BaTiO is acquired.




P8-1
INFLUENCE OF THE CATION CHARGE ON THE MOLECULAR MOBILITY OF POLYMER
ELECTROLYTES

A. Banojotta, G. Carini!, G. Di Marco, M. Lanza

Istituto di -Tecniche Spettroscopiche del C.N.R.. 1-98010 S. Agata-Messina,
[taly
‘Y Dip. di Fisica dell'Universita’, 1-98010 S. Agata-Messina, Italy

Recent studies emphasized the relevant role of the cationic charge in
determining the structural behavior of polyethylene {PEQ)-salt complexes, a
very promising class of polymer electrolytes for their quite high ionic
conductivity. It has been established that solid solutions of PEO and salt
with singly charged cation (NaSCN and KSCN) show s multiple phese
structure, which tends towards a single crystalline phase st high content of
sait (mol. fract.=0.20). In contrast in the case of divalent cations the
structure of the complexes becomes a single amorphous phase, probably as a
result of intermolecular links established by the cation between neighboring
chains. In both the cases s remerkable increase of Tg follows the sddition of
sait, the complexes with the divalent cation showing the highest elevation
rate of Tg with increasing concentration.

The present study of the anelastic relaxations in PEO-Fe(SCN), complexes
has been made to clarify the effect of the cation charge on the molecular
motions and on the structural phases that charscterize the PEO-based
polymer electrolytes. It has been found thet the local and cooperative
molecular motions characterizing the host polymer are strongly influenced
by the addition of the salt, as a result of the interactions between the
chains and the salt molecules, which ensure the formation of homogeneous
complexes. The sait stiffens the host polymer and gives rise to a relevant
enhancement of the non-crystallinity in the low concentration region {mol.
fract. < C.10). At low temperatures the single ¥ relaxation, observed in pure
PEO, is enhanced by the presence of the salt and its strength follows a
behavior closely correlated to that of the primary relaxation. A quantitative
analysis in terms of a parallel relaxation permits the underlying local
motions to be ascribed to the amorphous fraction of the polymer.

P8-2
INFLUENCE OF MOISTURE ON SECONDARY RELAXATION IN THERMOSET -
THERMOPLASTIC MATRIX COMPOSITE

J.N. Defois, A. Riviere

Laboratoire de Mécanique et Physique des Matériaux, URA CNRS n° 863,
ENSMA - POITIERS - FRANCE

Damping properties of composite samples with TGDDM-DDMe-PEI organic matrix and carbon fibers
was studied between 100°K and 500°K.

Experiments were carried out with two apparatus : a Rheometrics DMA (anisothermal measurements

(3°K/min) at 1 Hz) and a forced oscillation torsion pendulum (isothermal measurements between 104 Hz and
100 Hz).

Results obtained by dynamical analysis (1 Hz) show the high sensitivity of primary a (~ 500°K) and
secondary P (~ 220°K) relaxations with sample moisture content. For soaked specimens a new peak appears at
o

For increasing moisture content, the apparent maximum situated at about 220°K shifts to a lower
temperature with a broader area. The difference between spectra corresponding to wet and dry samples exhibits
a peak situated at ~ 185°K and probably corresponding to the water molecule interaction with the matrix.




P8-3
ANHARMONIC AND RELAXATIONAL EFFECTS IN NaSCN POLYMER ELECTROLYTES

A. Bartolotta, G. Canni!, G. Di Marco, M. Lanza

Istituto di .Tecmiche Spettroscopiche del C.N.R., [-98010 S. Agsta-Messina,

Italy
''Dip. Fisica dell'Universita’, [-98010 S. Agata-Messins, [taly

The behavior with temperature of the dynamic elastic modulus E' in pure
poly(ethylene) oxide (PEQO) and PEO-NaSCN solid blends (M is the alkali
metal) for temperatures below and at the glass to rubber transition region is
explained in terms of two physical contributions: the first is due to the
anharmonicity of vibrational modes; the second to the a,- or primary
relaxation which arises from the cooperative segmental motions of the
polymeric chains in the amorphous phase of the polymer. The strengths of
both the contributions shows a strong dependence on the degree of
crystallimity of the polymer, which has been varied over a wide range by
eltering the composition. The highest values of the parameters describing
the two mechanisms are observed when the addition of the metal salt makes
the system completely amorphous.

An average relaxation time <7> is obtained by the evaluation of the a,-
relaxation in terms of the stretched gxponentill or Kolrausch-Williams-
Watts (KWW) function ¢(t)=exp {- (t/7)”}), where 0<8<1. Its behavior with
the NaSCN content shows that it results from the interchain intersctions in
the amorphous fraction of the polymer and from the relative amounts of the
crystalline and amorphous phases.

It has been revealed that the storage at room temperature of these polymer
electrolytes, over the time interval explored, causes variations in the
anharmonic and relaxation properties of the samples, which are ascribed to
changes in the relative amounts of the phases building up the structure.
The behavior of the elastic and anelastic characteristics with increasing
annealing time shows that the structure tends to a growing degree of
crystallinity and that the crystalline regions constrain the cooperative
segmental motions in the amorphous fraction.

P8-4
ANOMALOUS SCATTERING OF ULTRASONIC WAVES IN COMPOSITE MEDIA NEAR THE
PERCOLATION THRESHOLD

A.L. Korzhenevskii, A.A. Luzhkov

Electrical Engineering Institute,'197376, St.-Petersburg, Russia

Scattering of elastic waves near the pergolation thre§hold in
disordered solids is strong enough to make invalid a perturbation theory
method (1,2]. .

Nevertheless, asymptotics of an e
elastic moduli have been calculated with the use of

group in (4-€) - dimensional space. o
It turned out that there is the characteristic frequency

0.)* ~ l P-P,_ |(4 R 5/2)9 . When W > Wy , excitations in the

&-1
medium become fracton-like with the density of states SJ{ ~ W where

8= d [4"" (5'2)/2- ]-‘ is the spectral dimension. The latter equation

is the Alexander-Orbach relation derived analytically. '
The average phonon Green function for disordered two-atomic crystal

is calculated near the percolation threshold [2].

effective refractive index and
renormalization

1. A.L.Korzhenevskii, A.A.Luzhkov. Sov.Phys.JETP, v.70, p.395 (1990);

ibid., v.72, p.295 (1991).
2. A.L.Korzhenevskii - in print.
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P8-S
THEORETICAL AND EXPERIMENTAL EVALUATION OF ULTRASOUND ATTENUATION IN
POROUS SOLID MATERIALS

C.M. Langton, R.X. Boutinaud, S. Duke, C.F. Njch

School of Science. Sheffield Hallam University

The role of ultrasound attenuation to characterise porous solids is currently being investigated in
cancellous bone and hydrated cements.

Cancellous bone consists of a porous solid foam interspaced with bone marrow with porosities in the
range of 70% to 95%. There is increasing interest in assessing the role of broadband ulirasound attenuation
(BUA) in the identification and management of osteoporotic changes in cancellous bone. BUA is related to
the density and structure of cancellous bone, although the exact dependenc= has not been determined to
date. Complementary theoretical and experimental studies based upon the coucept of permeability have
been underwaken, providing an insight into the dependence of BUA on structure.

The onset of hydration in cement pastes induces a transition from a viscous suspension into a highly
connected porous salid. The porosity of the cement is partly governed by the water content, but mainly by
the addition of certain admixtures, such as air entraining agents. Hardened cement paste has been shown to
exhibit a lincar decrease in ultrasound velocity, in contrast to an increase in BUA, with increasing porosity
in the range 10% to S0%.

P8-6
THE APPLICABILITY OF THE ARRHENIUS RELATIONSHIP ASSOCIATED WITH THE a-PEAK
OF POLYSTYROL

Jian Li!, Lide Zhang!, Peng Gong?

(1) Laboratory of the internal friction and defects in solid,
Ipstitute of solid state physics, Academia Sinics

(2) Department of chemical industry, University of Polytechrical,
P.R. China, Hefei

By means of measurment of internal friction in amorphous polymer polystyrel. it
was demonstrated that the o internal friction peak has a derivation from the
Arrhenius Relatioaship in form More importantly, it was proved that the varying
of activation energy with temperature led to the derivation.
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MODELLING AND NUMERICAL COMPUTATION FOR TRANSIENT INTERNAL DAMPING
DUE TO THE THERMAL EXPANSION MISMATCH BETWEEN MATRIX AND PARTICLES IN
MM.C.

G. Lomand, C. Girard, R. Fougeres, A. Vincent

G.EMP.PM. URA CNRS 341, INSA de Lyon, F69621 Villeurbanne Cedex FRANCE

. A new model for transient internal damping (1.D.) associated with the emission and movements of
dislocations around particles in metal matrix composites is developed. The proposed model is based on these
movements that are mainly induced by the internal stress field around particles, which results from the thermal
expansion mismatch betwecn particles and matrix, during temperature variations.

N First, from this thermally induced internal stress field, calculated by the ESHELBY method, and the
critical stress ¢ opposing motion of dislocations in their glide piane in the matrix, the number and the positions
of the dislocations are determined as a function of temperature.

Second, the actual positions due to the superposition of the alternating shear stress associated with the
pendulum oscillation are calculated by a perturbation method.

. Then the u_ltemal damping is derived from the contribution of the dislocation movements to the inelastic
strain over a penpd _of oscillation. The role of the experimental parameters (cooling rate, frequency and
qnphmde of qscdlatxon) and material characteristics (75 evolution vs temperature) is investigated. This
sunulatqi I.D. is compared to the experimental results obtained in the case of aluminium based metal matrix
composites (see paper Transient Intemal Damping in Aluminium Based Metal Matrix Composites). A good
agreement between simulated and experimental 1.D. is found.

P8-8
METAL MATRIX COMPOSITES AlCu-Al,03 STUDIED BY MECHANICAL SPECTROSCOPY

L. Parmini and R. Schaller

Ecole Polytechnique Fédérale de Lausanne, Institut de Génie Atomique, CH-1015 Lausanne, Suisse

The alloy Al-4%Cu can be age-hardened and improves its mechanical properties under the effect of suitable
thermal treatings. Its mechanical properties could be further increased by adding to the alloy other reinforcing
phases. In this connection, metal matrix composite materials, that is Al-49%Cu reinforced with different
volumetric fractions of Al203 (Saffil) fibers have been produced by "Squecze casting”. They have been
characterized by internal friction and thermo-electric power measurements, in order to identify the effect of the
fibers on the precipitation of Cu, the microstructure of the alloy, and the mechanical properties.

The elastic moduli of the composites is confirmed to have better performances than the one of the not
reinforced alloy, and the internal friction spectra prove to be sensitive to metal-ceramic reinforcement
interactions.

In fact, after being solution-treated and quenched, the not reinforced matrix exhibits an internal friction peak P
typical of Cu in solid solution (Zener peak). After annealing some hours at 230 °C, another peak P2 appears, in

connection with the growth of the semicoherent 6 precipitates in the alloy. On the contrary, after being
solution-treated and quenched, the composites do not exhibit any P peak, but a very rapid and marked
appearance of the P2 peak is ascertained.

Therefore, ©' precipitation scems to be strongly accelerated in the composites, probably by the dislocations
created during quenching by the thermal stresses, which originate from the different thermal expansion

coefficients of the matrix and the fibers. Conclusions can be obtained about the optimum aging conditions for
the composites.
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P8-9
INTERNAL FRICTION IN POLYMER NETWORKS

JF. Gérard!, J. Perez?

(1) Laboratoire des Matériaux Macromoléculaires URA-CNRS n°507
(2) Groupe d'Etudes de Métallurgie Physique et
de Physique des Matériaux URA-CNRS 341.
Institut National des Sciences Appliquées de Lyon
69621 Villeurbanne Cedex (France)

Among polymeric materials, some attention has to be given to the case of polymer networks.
Fully cured epoxy networks with differeat crosslink densities and flexibilities are studied in this
papers. The crosslink density was changed by preparing cpoxy networks from mixtures of
di.l!:lent:tional and tetrafunctional amine hardeners. The flexibility of the macromolecular chains
between crosslinks was varied by changing from aromatic o aliphatic epoxy prepolymers.

These polymers display several mechanical relaxation phenomena. Some of them are related to
localized molecular motion (conformational changes, rotation of some molecular units,...). The main
difficulties are to identify the structural units involved in these relaxations (e.g., using NMR CP-
MAS) and to define the potentional well determining the characteristics of the relaxations (molecular
mechanics seems to be the powerfull tool for that purpose).

As for other polymers, 2 main relaxation is observed associated to the glass t.ransi_non
phenomena. The theory based on the concepts of quasi-point defects and hicrarchically constrained
molecular dynamics is applied to the case of crosslinked polymers. The developed model previously
used to explain the rheological behavior of linear amorphous polymers works successfully for the
dynamic mechanical properties of these epoxy networks in their glass transition region. The analysis
of molecular motions made in the small deformation mode allows us to describe the plastic behaviour
of these networks in the sub-Tg region.

P8-10

DAMPING IN DISPERSION STRENGTHENED ALUMINUM ALLOYS: A MAXIMUM WITH

HIGH ACTIVATION ENTHALPY
A. Pichler), M. Weller2 and E. Arzt?

(13 VOEST -ALPINE Stahl Linz GmbH, A~4031 Linz, Austria
(2) Max-Planck-Institut fir Metallforschung, Institut fiir Werkstoffwissenschaft,
SeestraBe 92, D-7000 Stuttgart 1, Germany

Dispersion strengthened aluminum alloys are promising candidates for applications
at_high homologous temperatures. Besides their good creep resistance these materials
exhibit a hiﬁh damping aracityl; The influence of various lattice defects on the damping
behavior is by no means clear. To get more insight into the fundamental mechanisms the
damping behavior of dispersion strengthened aluminum alloys was studied more
systematically for various microstructural conditions.

An inverted torsion apparatus was applied for mechanical loss measurements by
using the free decay method (1 to 10 Igz)or forced vibrations down to 10 Hz,
respectively. Four different maxima are observed between 200 K and 773 K. The
maximum at T ~ 600 K which has remarkable properties is described in detail in this
work. The activation enthalpy of this maximum (H = 2.2 to 2.6 e¢V) which was
determined from the shift of the maximum temperature with measuring fre&uency
between 0.02 and 10 Hz is much higher than that for self diffusion in aluminum (1.48 V)
Additionally, the relaxation strength of the maximum depends on the frequency of
measurement.

The high activation enthalpy can be explained by a model which considers the
nucleation ot jogs in climbing dislocations. In this model it is assumed that the dispersoids
acts as firm pinning points for the dislocations. By taking into account different energy
levels for the bowed and unbowed dislocation configurations, the dependence of
relaxation strength on the measuring frequency can be explained qualitatively.
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THE MECHANISM OF ULTRASOUND ATTENUATION IN SINTERED METAL POWDER

Z.C. Shen
Su Zhou Profemional University ,Su Zhou 216002,China

Recently,the vibrational dynamics of a percolating vetwork has generated explicit

realization of the excitations. Such percolating networks are known tohave a homogeneous
(Buclidean) structure at long length scales, but have a self-gimilar (fractal) geometryat

short length acales. Thetransition between thess two regions occurs at the percolation

correlation length{. Congider the scaling behavior of the density of vibrational states,

writs N(Q)=A 0" (0 [0 oo}, AN(w )=A W™ 2 Af. Crossover frequency © .. can be defined

(10 €W o, Phonon; & > o, fracton),

The vibrational localisation in sinter can be interpreted in terms of acrossover from
phononeto fractons,we consider the scaling of the ultrasonic attenuation with
the percolation correlation length ¢ (f).The ultrasonic wave intensity I(x) €all off
as Jog= " <= {e I(x)=lo@ =% At higher frequencies,there is a rapid

decrease in localization length with frequency.

Williams et al have calculated phononeigenstates for disordered systems. Thedensity

vibrational state:
W w*@8-u¥

glo)y —K[-——r—1],
n 16

of

where Kis the complete elliptic integral of the firgt kind.Thelocalization length is

shart (strongly localized) as the disorder is increase.

P8-12

MECHANICAL DAMPING AND DYNAMIC MODULUS BEHA VIOR OF GRAPHITE-

ALUMINIUM ALLOY COMPOSITES
Q. Tan!, F. Chen2, D.P. He?, H. Miyahara3, K.Ogi3

(1)Laboratory of Internal Friction and Defects in Solids
University of Science and Technology of China, Hefei 230026, P.R.China
(2)Department of Materials Science and Engineering
Southeast University, Nanjing 210018, P.R.China
(3)Department of Materials Science and Engineering
Kyushu University, Fukuoka 812, Japan

Metal-matrix composite materials have attracted great attention due to their
excellent structures and properties. In recent years, however, only limited papers
reported the research on the damping capacity of fiber-enhanced composites
such as SiC/Al, AVW, Gr/AL.  Especially few knowledge was known about
nonlinear internal friction features of composites. Therefore it is necessary to
develope thorough study in this field.

In the paper, internal friction method was used to study the damping behavior
and elastic modulus at low and acoustic frequency for graphite-ajuminium
composites with various graphite content. The intense nonlinear internal friction
effects exhibited by composites were observed and the comparison with that in
matrix and pure graphite were made. Internal friction spectra were measured as
functions of frequency (5x10-3—50Hz) and temperature. Three internal friction
peaks named as 60°C, 160°C and grain boundary peak (200°C) respectively were
observed and studied. The initial exploration was made on the nonlinear
damping mechanism and other experimental phenomena of Gr/Al composites.
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P8-13
APPLICATION OF LOW FREQUENCY INTERNAL FRICTION TECHNIQUE IN ROCKS

Q.Tan!,D.Y. Xi2, Y.L Ma3

(1)Laboratory of Internal Friction and Defects in Solids
(2)Department of Earth and Space Science
University of Science and Technology of China, Hefei 230026, P.R.China

Rock is a porous material which is an essential object in the research of
attenuation law of earthquake. The distribution of cavity and the reserve of
Hquid in rocks that greatly afTect the physical properties now are very attractive
subjects. Since the quality factor Q, ie., inverse of internal friction, can reflect
the state of rocks, a lot of research have been made mainly by ultrasonic wave
technique.

In this paper, the first investigation on granites was made by low frequency
internal friction technique. Abundant internal friction phenomena and special
elastic modulus behavior in wide temperture range were firstly observed and
studied. It is very interesting to find the considerable amplitude-dependent efTect
behaved by granites. A high internal friction peak at 80°C which only appears in
patiaily water-saturated granites was systematicaily studied. The other broad
internal friction peak in the ange of 150-300°C was also studied as due to the
movement of particle boundary. A d4-arameter mechanical model describing
solid-liquid complex body was firstly roposed based on the friction behavior of
visous water with boundary of cavity. heoretical treatment gives resonable
explanation to the above two internal friction peaks.

P8-14
STUDY BY MECHANICAL SPE« 7 ROSCOPY OF THE DISLOCATION SUBSTRUCTURE IN AN
ALUMIN UM MATRIX COMPOSITE REINFORCED BY ALUMINA SAFFIL FIBERS

S. Umreta! and R. Schaller?

(1) CONICET - FAMAF , Universidad de Cordoba
Laprida 854 - 5000 Cordoba - Republica Argentina
(2) Ecole Polytechnique Federale de Lausanne
Institus de Genie Atomique CH - 1015 Lausanne

The low frequency internal friction spectrum and elastic modulus G exhibited by aluminum matrix
composites reinforced by different volumetric fractions of short, non oriented alumina fibers, have been
studied in the temperature range between 100 K and 800 K.

The spectra of the composites are characterized by internal friction maxima located at roughly the
same tempcerature ranges as those found in the Al matrix, and attributed to relaxation mechanisms involving
thermally activated dislocation motion. As in monolithic aluminum, these internal friction peaks as well as
the high temperature background may be correlated with the observation of different dislocation
substructures. Nevertheless the addition of fibers modifies their characteristics, specially their stability
against high temperature annealing.

A new feature appearing in composite spectra is an hysteretic behaviour (the spectrum during

heaung is different than that observed during cooling) which increases in magnitude as the content of fibers
becomes higher.
) Conceming the elastic modulus it has been found to grow in a linear way as the amount of fibers
increases but no satisfactory accord with predictions of existent models may be established. On the other
hand, modulus measurement as a function of the number of thermal cycles imposed to the composite
provides information about the evolution of damage in the material.




P8-15
DAMPING AND MODULUS OF EPOXY MATRIX COMPOSITE BY DISPERSION OF NANO-
Al,03 PARTICLES

L.D. Zhang, X.F. Zhu, T. Ji, G.B. Zhang

Institute of Solid State Physics, Academia Sinica,
Hefei 230031, P. R. China

The dynamic mechanical properties were studied in epoxy matrix
composite by dispersion of nanoecal AlzO, particles. The paper mainly
focused on the influence of the embedded Al,0s particle composition on
the B -relaxation spectrum in the epoxy, especially on the activation
energy H associated with the relaxation. Finally, the interaction between
the nanoecal particle and polymer was discuseed.

P8-16
STABLE RELAXATIONS IN MULTIPHASE Al-Zn ALLOY

X.F. Zhu, L.D. Zhang

Institute of Solid State Physics, Academia Sinica, Hefel 230831, China

The experiment on a forced vibration pendulum reveals the stable damping in a
multiphase Al-Zn eutectoid alloy as three kinds of relaxation processes: One is
linear, and two are nonlinear. The characteristics of frequency, amplituts,
temperature, and process activation energy for each kind of relaxation are
presented and the correlation amang thoss relaxations are discussed as well.




P8-17
STUDY ON THE ULTRASONIC VELOCITY OF Cu-CARBON FIBER COMPOSITES

Xiaorong Zhang and Chanming Gan

The Laboratory of Modern Acoustics, Institute of Acoustics,
Nanjing University, Nanjing 210008, P. R. China

The ultrasonic velacity of Cu-Carbon fiber compasite was measured using the laser
ultrasonics technique. A ruby laser was used as an ultrasonic source and a capacitor
transducer was used as a receiver. A series composite with fixed component Cu and
various component carbon fiber was used as sample. The fractions of carbon fibers for
this series sample are 5, 10, 15, 20, 25 and 30 per cent respectively. The value of
velocity depends on the fraction of carbon fiber, porosity and texture of compasite.
The values of velocity decrease with the fractions of carbon fiber components increase ,
when the fraction is less than 20 per cent. The rate of velocity value change tends to
slow when the fraction is more than 25 pér cent. The elastic constants are obtained
from the values of velocities measured and the mass densities of composites. The com-
parison between two velociies values measured for two kinds Cu-Carbon fiber compos-
ites with difference texture, and the comparison between the measurement methods us-
ing ultrasonics and that using laser ultrasonics method are given in this paper.

P8-18
THE EFFECT OF STARTING TEMPERATURE ON THE INTERNAL FRICTION BEHA VIOUR OF
PA1010 AND ITS BLENDS

Han Min Zeng!, Jin Xiu Zhang?, Ming Qiu Zhang! Xin Zhong?

Materials Science Institute, Zhongshan University, Guangzhou, P.R.China
Department of Physics, Zhongshan University, Guangzhou, P.R.China

In the process of internal friction measuresent of polyamide 1010 (PA1010) and its
blends with bisphenol A polycarbonate (PC), it was found that the starting temperature
for the measurement exerts remarkable influence on the relaxation features of PA1010,
i.e. both the peak temperatures of & relation (To) and B relaxation (Tg) of PA1010 shift
to higher temperstures with increasing the starting tesperature for the seasuresent (T,).

Whea 7T,7-1600C, for example, Tq=21.3°C and Tg-83.4°C, but in the case that Ty=-1309C,

Ta=40.6°C and TgE-~75.99C. And furthersore, the half-width of 8 relaxation time
distributfon function in PA1010 increases with a rise in T,.

Due to the fact that these phenosena could be observed only in crystallized polymers
(such as polypbenylene sulfide, polyetheretherketone , etc.) and their blends, the
relaxation characteristics of amorphous phase restrained by crystalline region in the
polymer should be responsible for suck an inflence. The theory of polymer conforsmation is
applied to the analysis and discussion. .




P9-1
THE ELASTICITY STUDY OF Al AND Ag NM-FILMS

H. Mizubayashi, T. Yamaguchi, Y. Yoshihara!

Institute of Materials Science, University of Tsukuba, Tsukuba, Ibaraki-30§, Japan
(1} Present Address: FujiKin Ltd., Tsukuba, Ibaraki 305, Japan

Understanding of the elastic property of metal nm-films is important for the semi-
conductor technology, and is also an interesting subject of materials science. Berry
found that the feature and mechanism of the anelastic relaxation relevant to grain bound-
aries in Al 100nm-films are different from those in bulk Al. Below 100nm, in our previ-
ous work we observed that the Young's modulus, E, of Al nm-films deposited in a vacuum of
10°Pa decreases with decreasing thickness, d, especially below 50nm, suggesting an in-
creasing effect of grain boundaries at small d’s. In the present paper, we investigated
the elastic properties of Al and Ag nm-films for d23nm: Al and Ag nm-films were deposited
on the Si thin-reeds, here in a vacuum of 10%Pa. E in the as-deposited nm-films was
determined from the changes in the resonant frequency of the Si thin-reeds.

Al nm-films: E in the present nm-films is, in general, higher than that in Al nm-
films of the same d used in the previous paper, suggesting that the mean planar-diameter
of crystalline grains, R, in the films is larger for the nm-films deposited in the higher
vacuum. Here, E shows good agreement with Ey in bulk Al for d>2omm. With decreasing d
below 20nm, E shows a strong decrease which is followed by a saturation, where E decreases
to about E,/3 at d=3nm. The E vs. d data can be explained by assuming that E in the sub-
region of thickness tg, near grain boundaries decreases to Eggp, E in the remaining re-
mains Ey, and R=d, where the best fit gives tgp=1nm and Egpp~2x10 Opa.

Ag nm-film: The as-deposited films are a polycrystalline film with the large R of
about 10pm. E shows a slight decrease with decreasing d, and the preliminary-data can be
explained by assuming that E in the sub-region of thickness icp near the surface decreases
to Eg, where the tentative fit gives tg=1nm and EsazsxlomPa. The internal friction
reveals a very sharp peak at 155K. The 155K-peak shows no temperature-shift for varying
frequency and also between heat-up and cool-down measurements. We surmise that the 155K-
peak reflects some atomic process relevant to the interface between Ag and Si.

P9-2
THE ANELASTIC STUDY OF Ag/Pd MULTILAYERS

H. Mizubayashi!, T. Yamaguchi!, W. Song?2, A. Yamaguchi2, R. Yamamoto?
(1)Institute of Materials Science, University of Tsukuba, Tsukuba, Ibaraki-305, Japan
(2)Institute of Industrial Science, University of Tokyo, Tokyo-106, Japan

The observation of 200-400% increase in the biaxial elastic modulus, Y, in Au/Ni,
Cu/Ni, Cu/Pd and Ag/Pd multilayer films (MLF's) near the modulation wave length, A, of 2-
3nm reported by Hilliard and his co-workers ignited the investigation of the so-called
supermodulus effect (SME). However, many questions relevant to SME still remain unsolved,
and whether SME found in early observations is intrinsic or not is in dispute. To resolve
the controversy, we reexamined the elastic property of Ag/Pd MLF's by means of the ad-
vanced vibrating-reed technique.

The Ag/Pd MLF’s with the fixed chemical composition of Agg,Pds, were deposited on the
(100)-surface of Si-reeds at room temperature by the rf-sputtering method. The as-depos-
ited Ag/Pd MLF's here were a polycrystalline MLF without crystallographic orientational-
anisotropy. The Young's modulus, E, in the as-deposited Ag/Pd MLF’s was determined from
the changes in the resonant frequency of the Si-reeds due to the deposition. E observed
in the Ag/Pd MLF's shows substantial increases in the range of 1 between 1.5 and 5nm, two
maxima beyond 200% at about 2.1 and 2.8nm and a dip at about 2.3nm. In situ heat-up
measurements show the following: For the Ag/Pd MLF's which show the relatively small SME
in the as-deposited state, E decreases with increasing homogenization at elevated tempera-
tures, and after the completion of the homogenization at about 780K, E decreases to Ep,
where E, is E calculated for the homogeneous and polycrystalline AggPdsg. In contrast,
the Ag/Pd MLF which shows the significant SME in the as-deposited state stands for the
homogenization even at 805K, and E remains high. The former fact proves that SME observed
here reflects the intrinsic elastic property of the Ag/Pd MLE's. The latter fact suggests
that in the Ag/Pd MLF's showing the significant SME, the atomic diffusion is retarded,
indicating that SME is associated with some change in the interatomic potential. The
present results also indicate that the <111> texture in Ag/Pd MLF’s suggested in the early
observations for Y is not a necessary condition to observe the strong SME.




P9-3
THIN FILMS CHARACTERIZATION USING GENERALIZED LAMB WAVE AND HARMONIC
GENERATION

P. Richard, O. Behrend, G. Gremaud, A. Kuhk

Ecole Polytechnique Fédérale de Lausanne, Département de Physique
Institut de Génie Atomique, CH-1015 Lausanne, Switzerland

A mechanical characterization method of a thin film on a semi-infinite substrate is proposed. We applied our
acoustic nondestructive technique on a system wich consists on_an elastic, isotropic layer of constant
thickness deposited on an elastic, isotropic substrate.

A Continuous Wave Scanning Acoustic Microscope (CW-SAM) was used to propagate surface modes in
the specimen and to measure the dispersion curves. A numerical inversion procedure was achieved and tested
for the dispersion relation of generalized Lamb waves (surface acoustic waves) propagating in a thin film on
a substrate. This procedure allows the determination of the following parameters of the film: longitudinal
elastic wave velocity, transverse elastic wave velocity, density or thickness. Possibilities and limitations of this
method are studied and tested on several samples.

An application to interface characterization is suggested. By comparison of the dispersion curves shape and
position with different boundary conditions (perfect and weak interface) at the interface and by observation
of the harmonic generation phenomena due to the high non-linearity of weakly bonded interfaces,
information on the adhesion of the film on the substrate could be obtained.

P9-4
PREPARATION AND CHARACTERIZATION OF (Tb,Dy)Fe; THIN FILMS FOR A SURFACE
ACOUSTIC WAVE DEVICE

H.H. Uchida!, H. Uchida2, V. Koeninger, Y. Matsumura, T. Kurino3, H. Kaneko3

Lab.No.6, Kanagawa Academy of Science and Technology(KAST), Kawasaki, Kanagawa 213, Japan
(1)Dept.of Resources & Environmental Science, Tokai University,
(2)Dept.of Applied Physics, Tokai University,
Hiratsuka, Kanagawa 259-12, Japan
(3)Society of Non-Traditional Technology(SNTT),
Toranomon, Minato-ku, Tokyo 105, Japan

Thin films of giant-magnetostrictive (Tb,Dy)Fe, intermetallics were prepared for the characterization

of their magnetostrictions. Ion beam sputtering with a plasma filament ion source, flash evaporation and
ion plating were used for film preparations. The ion beam sputtering and flash deposition yield films with
little deviation in the concentration from that of source materials, while ion plating method results in very
different concentrations of film and the source material. The deposition conditions give also a large

difference in the magnetic properties.




P10-1
ACROBATIC BEHA VIOR OF THE FREQUENCY AND THE TEMPERATURE DEPENDENCES OF
THE CLASSICAL SOUND ATTENUATION IN SEMIMETAL

M. Akinaga

Department of Physics, Fukuoka University of Education,
Munakata Fukuoka 811-41, }Japan

The classical sound attenuation due to the carrier in semimetal has been investigated
under zero magnetic field for the first time, which is a fundamental imformat?on 'for
the transport phenomena. We measured the attenuati_gn coefficient a ofA the longitudinal
sound waves in Bil be {x = 0, 1.0, 3.6, 8.6 x 10 ) single crystals in the frequency
range of 10 MH:z ~ o0 MHz, in the temperature range of 11 K~ 300 K. We calculated
a on the two band model by using the polarization function which is proportional to
the classical complex conductivity including the diffusion effect. The calculated results
shows a unique behavior for the frequency dependence and the temperature dependence
which are very different from those in metal.

The agreement between the experimental results and the calculation ia good. As
the absolute value of a and the curvature of the frequency dependence are very sensitive
to the relaxation time of the carrier 1, we could determine the relaxation time in dilute
Bi, Sb_ alloys by the comparison with the experimental result and the calculation with
go&i‘ aécuracy. Consequently, its value ir_\léjilute alloys fas become one or two or.ders
shorter than that in pure Bi with ¢ ~ 10 sec, although the resistivity of the dilute
alloys only differs by a factor less than 2 from that of Bi.

P10-2
COMPUTER EXPERIMENT OF PHONON TRANSPORT IN CRY STALS WITH DEFECTS

S. Ozawa, Y. Hiki

Applied Physics Group, Faculty of Engineering, Ibaraki University,
Nakanarusawa, Hitachi 316, Japan

Molecular dynamics computer simulation has been started to investigate transport of phonons in crystals
containing point defects. One-dimensional mass-spring model crystals were used for the simulation. As an
example, a random mass-defect model was adopted as the model crystal. In the model, a certain amount
of different-mass defect atoms are randomly distributed among body atoms, the interatomic spacings are
all the same, and the force constants between all atoms are the same. Crystal anharmonicity up to the
fourth order is considered for the interatomic potential. A choice is made for the strength of anharmonicity
with referring the order-of-magnitude ratios of the higher-order elastic constants of usual materials. The
number of atoms in the model crystal is 550, and a line of 150-atom heat sink atoms is attached to the
right end of the crystal in the phonon propagation experiment.

The crystal is firstly thermalize? Namely, an input phonon pulse is applied to an end of isola* -*
crystal, and energy equipartition !.. ..veen the atoms of the crystal is realized after a prolonged time, and
thus a finite crystal temperature can be set. Then the heat sink is connected, and an input phonon puise
is applied to the other end of the crystal. The input phonons-propagate along the crystal and finally reach
the heat sink. The heat sink can perfectly eliminate the phonons coming from the crystal. A transient
propagation of phonons can thus be observed in the model crystal. The state of the propagating phonons is
represented by locally averaged vibrational energies of atoms, and time variation of the energy is observed
at a definite position of the crystal. A diffusive behavior of phonon transport can be seen in the crystal,
and thermal diffusivity is obtained by analyzing the energy-vs-time data.

The thermal diffusivity is to be determined under various experimental conditions. The study is now
being continued to investigate the dependences of diffusivity on the mass(defect)/mass(body) ratio, defect
concentration, crystal temperature, and input phonon frequency.
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P10-3
ULTRASONIC ATTENUATION IN SEMICONDUCTORS

S.K. Kor, RK. Singh

Department of Physics, University of Allahabad, Allahabad, India

Grilneisen paramatars, non-linearity constanta and
ultrasonic attenuation due to phonon-viscosity mechaniam and
thermoelasic loss have been evaluated in semiconducting cryatals,
InP, InAs and GaP at 300 K along various crystallographic directions
of propagation for longitudinal and shear waves uaing elaatic data.
Ultrasonic attenuation due to thermoelastic loss has been found to
be negligible in comparison to phonon-viscosity loss divulging the
fact that most of the acoustical energy is either wused up in
equalising temperature difference among various phonon modes or
producing heat. Results are in agreement with experimental results

available.

P10-4
ULTRASONIC ATTENUATION STUDIES OF DIELECTRIC CRYSTALS

R.K. Singh, S.K. Kor

Department of Physics, University of Allahabad, Allahabad, India

Ultrasonic attenuation due to phonon-phonon interaction
and thermoelastic loss, non-linearity constants and drag

coefficients on edge and sScrew dislocation motions have been

estimated in two dielectric crystals viz. Ca0 and Mg0 from 50 K to
500 K along <100>, <110> and <111> directions of propagation for
longitudinal and shear waves for different polarization directions
of shear waves. Using electrostatic and Born-Mayer potentials,
second and third order elastic constants have been obtained at
different temperatures to obtain Griineisen parameters, hence
non-linearity constants, which in turn have been used to evaluate
ultrasonic attenuation. Temperature variation of the ultrasonic

attenuation has been found as observed experimentally.
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ULTRASONIC ATTENUATION BELOW Tc IN HEAVY-FERMION SUPERCONDUCT ORS

YJﬂ.Huang,HJ_Zmnu,amiYZN.VVang

National Laboratory of Solid State Microstructures,
Nanjing University, Nanjing 210008, P.R.China.

Up till now, in order to explain the experimental results of
ultrasonic attenuation for heavy-Fermion superconductors (HFSs), various
theories have been developed and cheerful progress has been made. However,
the special characters of ultrasonic attenuation for HFSs indicated by
experiments, which are quite different from those of conventional
superconductors, can not be interpreted simultaneocusly. With taking account
of quasi-particle recombination due to strong-coupled correlation in heavy-
Fermion superconductors, we get satisfactory results. The calculated
ultrasonic attenuation below Tc indicates that: (i) there appears ald-
shaped peak near below Tc, with the peak temperature Tp independent of
frequency and the peak height as{Tp)/an decreasing slowly while
increasing frequency ;and (ii) there is a power-law of attenuation
Us({T)/an at lower temperature. These results are fairly in agreement with
the available experimental data so far.
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P11-1
GRAIN BOUNDARY RELAXATION IN PURE METALS WITH FCC STRUCTURE

G M. Ashmann, M.N. Churukanova, Ye.A. Shvedov

Department of Physics, Moscow Institute for
Steel and Alloys, 4 LeninsKy pr., Moscow, Russla.

Low frequency internal friction spectrum of polycrystal-
line FCC pure metals with the different stacking fault energy
( Ag, Cu, Ni ) posesses with three maxima. These maxima exist
in annealed metals and their intensity and activation energy
depend on the structure of the srpecimen. Structure investiga-
tions allow to bound every maximum with definit Kind of grain
woundaries: general Kind., speclal and ‘bamboo’.

P11-2
PLASTICITY OF PERFECT CRYSTALS

A.F. Andreev, Ya.B. Bazaliy, A.D. Savishchev
P.L .Kapitsa Institute for Physical Problems, Moscow, Russia.

We investigate the behavior of complex defects in the crystal in the
parameter region, where the rotation relaxation is very quick. The
defects could be the small dislocation loops, vacancies (or interstiti-
als) complexes. In this case it is possible to derive a system of hydro-
dynamic equations, describing bulk crystal dynamics, and a set of boun-
dary conditions for both crystal-crystal and crystal-liquid interfaces.

A certain limit of boundary condititons reproduces the well known re-
sult for vacancy concentration near the boundary, introduced by Herring.

Obtained system describes an interesting phenomena of "equilibrium pla-
sticity" which results in the plastic deformation (the change of crystal
shape which do not correspond to the change of the <c¢rystal elementary
cell shape), that under certain conditions is reversible 1i.e. vanishes
after the removal of the external load.

The obtained equations can be used to describe acoustic waves propa-
gation and other long wavelength vibrations in the crystals with complex
defects.

Published in Journ. Low Temp. Phys. v.88(1/2) 1992.




Pi1-3
VARIATION OF THE GRAIN BOUNDARY RELAXATION STRENGTH AND THE GRAIN
BOUNDARY MODEL OF DISORDERED ATOM GROUPS

Y H. Duan, T.S. Ké

Laboratory of Internal Friction and Deflects in Solids,
[nstitute of Solid State Physics, Academia Sinica, Hefei 230031, China

According to the grain boundary model of disordered atom groups, the relaxation sirength of grain
boundary relaxation varies with the number of disordered groups existing in the grain boundary and the
degree of disorderness of each group. It was found recently that the relaxation strength of grain bounda-
ry in polycrystalline and bamboo crystalline aluminium drops with decreasing temperatures and reaches
au undetectable value at a temperature T, which is about 1/ 2Tm where Tm is the melting temperature
of bulk specimen. The existance of such a temperature T, was confirmed lately by measurements of
micro—creep and internal friction (in forced vibration) for aluminium hicrystals with random boundaries

and special boundaries (with a definite Y. value). These results are in conformity with thnse obtained by
molecular dynamics simulation.

Basitg on the results of anelastic ineasurements and MD simulation, we consider that in the case of
special boundaries, the temperature T, reflects a pronounced transition of the grain boundary from the
CSL structure to that of disordered atom groups. However, the situation is different in the case of ran-
dom boundaries which may consist of a mixture of disordered structure and CSL strucrure. The varia-
tion of the number and the disorderness of the disordered group at T, should be smoothly for the disor-
dered component of the random boundary and the occurrence of a weakly detectable transition at

T, may be considered to be due to the abrupt transition of the CSL component of the random
boundary.

P11-4
RELATION BETWEEN FABRICATION PARAMETERS AND GRAIN BOUNDARY INTERNAL
FRICTION PEAK IN COMMERCIAL Al -Mg -Si ALLOYS

E.Carrefio Morellil, A. Ghilarducci!, S.E.Urreta de Pereyra?2

(1) Centro Atomico Bariloche and Instituto Balseiro, Comision
Nacional de Energia Atomica, cc 439, 8400 Bariloche, R.N., ARGENTINA
Conse jo Nacional de Investigaciones Cientificas y Tecnicas
(2)Facultad de Matemiticas, Astronomia y Fisica,Univ.Nac,Cérdoba,
Laprida 854, 5000 COrdoba, ARGENTINA.

. The polycrystalline Al-Mg-Si alloys (6063) have an internal
friction peak at 480K (1Hz) which was attributed by S.E.Urreta de
Pereyra et al.(1989) to a grain boundary slidi.nq in the presence of
particles by analogy with the pure Al or Al-Si grain boundary peak.

The aim of this work is to check the influence of certain
fabrication parameters (alloy chemical composition, extrusion
temperature and the homogeinization conditions) on the grain boundary
internal friction peaks of a lot of alloys.

Grain size determinations on the internal friction samples vere
made following the method indicated in the 112-~74 ASTM Standard method,
in order to make a correction on the internal friction maximae,
previously background substraction. This allows us to compare results
on samples of different grain size (between 34 and 57um).

The main result is that the corrected internal friction peak
shows an increasing dependence with the Si composition of the studied
alloys. The extrusion temperature is the parameter that ind.icates. a
separation the alloys into different two groups. The homogeinization
parameters seems to be not important in this case.

It is noticeable the fact that we do not observe the dependence
on the excess Si (respect to the stoichimetric chemical composition)
predicted by others authors, but a dependence with the Si content.
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P11-§
INVESTIGATION OF GRAIN BOUNDARY SEGREGATION IN Cu(Sb) AND Cu (Pb) SYSTEMS
BY INTERNAL FRICTION

D.L. Beke, L. Varga, .Z. Harangozo

Dept. of Soiid State Physics, Lajos Kossuth University
H-4010 Debrecen, P. O. Box 2, Hungary

Since the first famous study of Ké made on polycristalline material in order to investigate the
eftect of grain boundary on internal friction there has been a long discussion about the origin of
the grain boundary peak. .

The aim of the present study was to investigate the influence of grain boundary impurities on
the internal friction spectra, mainly on the grain boundary peak.

Our measurements were carried out in a torsion pendulum in the temperature range of 300-
700 K. The grain structure of 4N copper wire was stabilized by annealing at 725 K and by internal
friction measurement of pure Cu. After stabilization a Sb or Pb layer of 0.1 micrometer was
evaporated on the wire. The impurity atoms ( Sb, Pb) were introduced into the grain boundaries
by a controlled grain boundary diffusion (mainly in C-kinetics). The grain boundaries of copper
wire were saturated with Pb or Sb atoms with this method.

Our results are as follows:
- the level of both low- and high-temperature background increased,
- the Sb atoms did not influenced the pure copper grain boundary peak, if the
measurements were carried out at 10 Pa,
- a new peak appeared at about 470 K on the spectra of Cu(Sb) system measured at 5*102

Pa.
- the Pb atoms changed the internal friction spectra of pure copper:
a) a new peak appeared at about 323 K (it is close to the temperature of grain boundary
peak of pure lead),
b) the height of the copper grain boundary peak decreased.

Pi1-6
ON THE ASSOCIATION OF THE GRAIN BOUNDARY KE PEAK WITH THE STRUCTURE OF
THE LARGE ANGLE GRAIN BOUNDARIES

Yu. Jagodzinsky, S. Smouk

Institute of Metal Physics, Vernadsky blvd , 36, Kiev, 252142, Ukraine

Inelastic response of the large angle grain boundary ensembles was studied within
the framework of the classic Ké model It was shown, that each boundary of the
ensemble at some temperature Ty undergoes structure transformation and essentially
change response on the external disturbance Expression for the part of sliding
boundaries as a function of homological temperature was obtained for the simple
statistic models of the boundary ensemble and for a set of simplifying assumptions on
the angle and temperature dependence of the surface tension of the large angle
boundaries It was shown that expression Tg = (0 3+0 4)T,, where Tm is melting
temperature, is valid for many pure metals Satisfactory coincidence with the
experimental resuits was obtained for the dependence of the strength of relaxation for
Ké peak on its homological temperature for the set of pure metals
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P11-7
INTERNAL FRICTION OF GRAIN BOUNDARY OF SEVERAL IRON BASE MATERIALS

Ji Jingwen
Department of Physics, Northease University of Technology, Shenyang, China.

To further demonstrate the nature of Ke peak and probe Into its mechaalsm, a
method distingulting grain boundary peak by doping with surface activelty elements was
developed, and the graln boundary Intemal frictlon (GBIF) of the high pure Fe, Fe—P,
Fe~P—-La snd Fe~C—Nb alloys were studied. [n view of such experimental facts that
the Ke peaks In the alloys of Fe—P—La and Fe—C—Nb evidently reduced, and aimost
eliminated, until were completely Inhibited as the compounds contsining Ls, P, and/or
Nb etc preduced, Increased and became a net along grain boundaries and so on. it
follawed that the Ke peaks In the tested alioys were ali GBIF peaks. It was further
polinted out that GBIF Is Induced by the movements of both the defects with atomic
demension . namely point defects, In grain boundares and /or thelr clusters under
stress, and the movements of the GBIF sources perform by means of stomic diffuston.
The GBIF sources are & reglon of high energy, and are readily occupled by forlegn
stoms, which even result In the segregation of the forlegn atoms, the formation of both
the clusters and precipltates of second phase. The latter processes are responsible for
the phenomena that the PM pesk, the SS peak, the SS of cluster occurs, snd the
GBIF peaks lower and even eliminate completely.

P11-8
RESONANCE ULTRASONIC ATTENUATION BY THE IMPURITY LAYER ADSORBED ON
INTERFACE

A M. Kosevich, Yu.A Kosevich, E.S. Syrkin

Institute for Low Temperature Physics and Engineering
Ukrainian Akademy of Sciences
47, Lenin Avenue, 310164 Kharkov, Ukraine.

A total set of dynamical boundary conditions for the elastic
wave on interfaces or planar foult stackings in crystals are deri-
ved. A new mechanical variable, the elastic displacement of twodi-
menion adsorbrd impurity layer, is introduced. This variable de-
scribes the internal dynamical degree of freedom, associated with
an additional selffrequency. The existence of this degree of
freedom leds to the resonance attenuation of the incident acoustic
wave. The possibility of a total resonance transmission of the

acoustic waves through the interface is found and the conditions
of this phenomenon are studied.
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DAMPING CAPACITY OF Zn-Al ALLOY SHEETS

T. Otani, K. Hoshino, T. Kurosawa

College of Industrial Fechnology, Nihon University
1-2-1, lzumi-cho, Narashino, Chioa, 275, JAPAN

The effect of cold rolling on the logaithmic decrement 5 of Zn-Al / Zn-Al-0.02% Mg alloy containing
; Al less than 22% werc investigated for water quenched from 373 K for 2 / 48 hours, as-rolled and water
quenched from 573 K for 2 / 48 hours after cold-rolled alloy sheets. With increase in rolling reduction, the
value 5 was increased. As a results of tensile propertics and hardness test, elongation was increased and
hardness was decreased with increase in rolling reduction for as-rolicd alloys.

An increase in the value & was significant great for the as-rolied eutectic alloys with an accompanying
work-softening effect resulted from grain refinement of lamellar structure to an equiaxed fine a+§ structure.
For the water quenched after cold-rolled hyper-cutectic alloys, hardness showed lower value and indicated
no significant change by varying rolling reduction.

For the microstructure of the alloys, the grains have retained equiaxed features after large rolling reduc-
tion. Further microstructural study revealed that the grain feature and structure of the eutectic affoy after
85% reduction in area was similar to those of the as-quenched alloys. The value & of cold-rolled alloys
showed pretty close to that of the as-quenched alloys. No distinguishing change was observed beiween the
alloys subjected to heat treatment for 2 and 48 hours after coid-roiled.

P11-10
Q-1STUDY ON SHORT RANGE Cr DISTRIBUTION IN MARTENSITIC STEELS

P. Gondi, R. Montanan

Mechanical Emgineering Department-2nd.University of Rome
Via della Ricerca Scientifica-Roma 00133  Italy

With 11%Cr steels of MANET type, cooling with different rates from the austenttisation temperature
leads to different martensite structure evolutions during tempering which are accompanied by different fracture
behaviour , in particular in the ductile 10 brinle transition.

Data obtained from X-ray diffraction analvses,microanalysis in SEM and from the mechanical tests are
accompanied by analyses of the dynamic modulus and of the internal friction spectra vs. temperature , followed
after various tempering treatments .isochronal at different temperatures and isothermal for different times.

The results are consistent with the presence in martensite of C-Cr associates, deriving from previous
associates present in the austenite before quenching.

The observations reported regard the behaviour after usual treatment of cooling from the austenitisation
temperature, with moderate cooling rate, in comparison with the behaviour after fast cooling.

After cooling with the lower rate the evolution of the Q-1 spectra during tempering at relatively low
temperatures is related to the processes through which the C atoms pass from associates to carbides in lath and
PAG boundaries. At relatively high temperatures sufficient for Cr diffusion, the Cr clusters remained without C
are submitted first to a process of redistribution with homogeneization; subsequently Cr enrichment near to the
grain boundaries occurs, most probably connected with C escape from the grain boundaries themselves.

After fast cooling the structural characteristics giving rise to the internal friction peaks as well as to
specific broadening of the XRD lines, present a greater stability vs. tempering ,in the whole range of tempering
‘ temperatures taken into account. This greater stability corresponds to smaller effects of the tempering temperature
‘ on the ductile to brittle wansition temperature.

According to the C-nCr associate model in question these cooling rate effects are related to the formation
at high temperatures of associates having different charactenitics . with specific influences on the nucleation
and on the subsequent development of martensite




P11-11
STUDY OF THE HIGH TEMPERATURE INTERNAL FRICTION IN ULTRA PURE ALUMINIUM
BY ISOTHERMAL MECHANICAL SPECTROMETRY

A. Riviere, J. Woirgard

Laboratoire de Mécanique et Physique des Matériaux, URA CNRS n° 863,
ENSMA - POITIERS - FRANCE

Anisothermal internal friction spectra obtained with high purity aluminium (99,9999 %) samples exhibit
two relaxation peaks situated between 250 K and 550 K. The pcak height and temperature were found sensitive
to the vibration amplitude.

Because the internal friction in high purity aluminium is very sensitive to the temperature rate T,
isothermal experiments were carried out in a large frequency (10-4 Hz - 160 Hz) and vibration amplitude

(5.10°7 - 10°3) ranges. The peak frequency at fixed temperature depends on the vibration amplitude epm,
confirming previous results but the relaxation parameters are quite different. For instance the apparent

activation energy was found close to 2 eV and slightly dependent on epm.

P11-12
TWO DIMENSIONAL MODEL OF THE INHOMOGENEOUS GLIDE OF GRAIN BOUNDARIES

Z.Q.Sun,D.Q. Yan

Institute of Metal Research,Academia Sinica,Shenyang,110015,China
Institute of Solid State Physics,Academia Sinica,Hefei 230031,China

The equilibrium equation of the applied stress, viscous glide stress and the long range
stress associated with the inhomogeneous glide, was solved by using a two-dimensional model of
continuous distribution of dislocations. The glide, internal friction and modulus defect were
obtained as a function of the frequencies and tesperatures.In order to compare the calculated
results with the experimental results of the internal friction peaks observed frow pure and
less pure polycrystals, dicrystal specimens and the specimens with bamboo grain boundaries,the
applied stress and viscosity were selected to be homogeneous or inhomogeneous accordingly.
Satisfying results were obtained by the reasonable selection of viscous coefficients.

It is difficulty to distinguish between the wmobility of the grain boundaries and the climb
of the dislocation theoretically.The thick of the layer of grain boundaries associated with the
glide process is insensitive to the results.It is suggested that a new microcreep experimental
technigue using a marked dicrystal in a tunnel microscope, to measure the sicrocreep of the
markers on the surface in atomic level would be a powerful tool to study the dynamics of the
grain boundaries.An international cooperation is welcome.
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A COMPREHENSIVE STUDY ON GRAIN BOUNDARY RELAXATION

LX. Yuan, T.S.KE

L.aboratory of Internal Friction and Defects in Solids,
Institute of Solid State Physics, Academia Sinica, Hefei 230031, China

Anelasticity was chosen by Zener to denote that property of solids in virtue of «which stress and
strain are not single—valued functions of one another in that low stress range in which vo permanent set
occurred and in which the relation of stress to strain is still lincar. Started from the Boltzmann
superposition principle, the relationships between various anelastic effects (dynamic and quasi—static)
derived by Zener was confirmed by K¢ in his study on the grain boundary relaxation in polycrystaline
specimens. However, the Arrhenius equation was assumed to be valid in grain boundary process in Ké's
experiments and the internal friction and dynamic modulas were measured as function< of temperature
so that a grain boundary peak and modulus defect versus temperature were observed. Whereas the
Debye peak is referred to wt where w is the angular frequency and t is the relaxation time, it seems that,
a precise approach is to measure the internal friction and dynamic modulus as function of frequency.
Especially that the grain boundary relaxation has been found recently (o exhibit nonlincar behavior in
polycrystalline, bamboo crystalline and bicrystal specimens, so that a close examination on the relation-
ships betwcen various "anelastic” elfects (linear and nonlinear) is pertinent.

This paper reports the experimental results of measurement of grain boundary relaxation versus va-
rious parameters so that the frequency curve, the temperature curve and the data of quasi-static
measurement were obtained with the same specimen polycrystalline, bamboo crystalline and bicrystal
specimens were used. The results were analyzed collectively and the mechanism of linear and nonlinear
grain boundary relaxation was suggested conforming with the results. The mechanical model as well as
the electrical model were used in the analysis and simulations.
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THE ANELASTIC PROPERTIES OF THE EARTH'S INTERIOR

M. Caputo

Fhysice Department, Umversity "La Sapirenza”, Rome ltaly

The distribution of the elastic parameters and of the density 1? tzf
Earth are the best known properties ot the i1nterior or our plane-é +|
the contrarv the anelastic and electramagnetic properties, atcthf tfi;;
mayv be defined "misterious”. In tact tor long time the modelglo j;é;
properties were not known. The difticulties to solve the pro tim :1mé
the 1mpossibility to observe directly at a reasonable depth. P“T;fenr”
requ red by the conventional laboratory experiments., the~ ﬁ;nQSmQA;
of a wverv limted number of anelastic and electromagnetic P [ o) e

nhservable on the surface o+ the Earth with the required tx@e %ng O;
accuracy, resclution. in recent times however more advanced tECNHIQLegaan
labur&t@?v evperimentatian and better theoretical model s h?yef 6;1
1ntromuced which represent well, by meane of derivatives Ot *rif-iﬁ ;q
order. the anelaestic properties o+ many materials faggxngﬂtrmm ?t—a*safi
cormirys and naoicners (Baalev and Torvik 198la.  198Zb, 1¥3e. e test

iy R ditFeroc: theoretical models to represent the Ph9“0m6“01°§: °:
tihe  Earth  show that the stress strain relations  with derlwéthTTWt?_
frachional ordger 31ve the heset approrimation of the obser ‘jed a:irm. t. r«-)
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STRENGTH OF RELAXATION AND DISTRIBUTION FUNCTION OF AN INTERNAL FRICTION
PEAK

Elida B. Hermidal2,  F. Povolo!:2

(1) Dto. de Materiales, Comisién Nacional de Energia Atémica.
Av. del Libertador 8250, 1429 Buenos Aires, Argentina.
(2) Dto. de Fisica, Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires.
Pabellén 1, Ciudad Universitaria, 1428 Buenos Aires, Argentina.
Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET), Buenos Aires, Argentina.

A procedure, based on the mechanical properties of a modified anelastic element (M.A.E.)
has already been developed to get a functional dependence of the real and imaginary components
of the dynamical modulus or compliance. The M.A.E. is essentially a standard anelastic element
except for its characteristic time that depends on frequency. The analysis of this dependence
provides an analytical description of not only the dynamical properties but the distribution
function, as well.

In this work it is shown that the procedure can be extended to internal friction peaks,
getting not only the parameters of the distribution function but the strength of relaxation,

as well. Then, this procedure is applied to different materials and the results are discussed
considering several well-known distribution functions.
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HIGH TEMPERATURE BACKGROUND DAMPING

E. Povolo!2 O.A. Lambn i3
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(1429) Buenos Aires, Argentina.
(2) Universidad de Buenos Aires, Facultad de Ciencias Exactas y Naturales, Dto. de Fisica,
Pabellén 1, Ciudad Universitaria, (1428) Buenos Aires, Argentina.
Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET), Buenos Aires, Argentina.
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The high temperature background damping of several metals and alloys is analyzed, in terms
of the different constitutive equations proposed in the literature for its descriptions. It is shown
how, by means of a new measuring technique, it is possible, not only to obtain information on
the temperature dependence of this damping, but also on its frequency dependence. In fact,
not only the temperature dependence of the damping is obtained but also the derivatives with
respect to the temperature and the frequency.

The procedure is applied to several hexagonal and cubic metals and alloys and the meaning
of the different physical parameters obtained from the experimental data is discussed.

P12-4
ZENER RELAXATION IN BCC AND FCC ALLOYS

E. Povolo!3, H.O. Mosca??

(1) Comisién Nacional de Energia Atémica, Dto. de Materiales, Av. del Libertador 8250,
(1429) Buenos Aires, Argentina.
{2} Comisién Nacional de Energia Atémica, Dto. de Quimica de Reactores, Av. del Libertador
8250, {1429) Buenos Aires, Argentina.
(3) Universidad de Buenos Aires, Facultad de Ciencias Exactas y Naturales, Dto. de Fisica,
Pabellén 1. Ciudad Universitaria, (1428) Buenos Aires. Argentina.

The theory of Welch and Le Claire for the relaxation strength of shear modulus in f.c.c. alloys
is extended to the case of longitudinal excitations, where the relaxation of Young’s modulus is
involved. Not only f.c.c. but also b.c.c. lattices will be considered to obtain a complete set of
equations to be used to describe the Zener relaxation strength of the torsion, Young's and bulk
moduli in substitutional alloys of cubic structure.

With a single set of parameters, the equations developed appears capable of giving a satis-
factory account of all properties of the relaxation strength in both alloys systems. Namely, the
anisotropy of the relaxation strength and its temperature dependence. and the concentration
dependernce of the anelastic critical temperature.
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FRACTIONAL RELAXATION AND FRACTIONAL DIFFUSION IN ANELASTIC SOLIDS

F. Mainardi
Dipartimento di Fisica, Universita di Bologna, Via Irnerio 46, 1-40126 Bologna, Italy

Relaxation and diffusion processes are very common and are found in many areas of
physics. In particular, these processes play a fundamental role in the physical interpretation
of anelasticity in solids. From the mathematical point of view they are governed, in the
simplest cases, by well known linear differential equations.

The purpose of this note is to consider, after some mathematics, the physical aspects of
the above processes when the first time derivative in the corresponding differential equations
is replaced by a time derivative of fractional order a (0 < a < 1). The new equations read

. d®u 1
Relazation —&t—a—i-;-u:o, u=u(t), t=>0, (1)
where 7 > 0 is a generalized relaxation time, and
s a° a?
Diffusion a}:Daa;;, u(z,t), t>0 a<z<b, (2)

where D, > 0 is a generalized diffusivity constant, and a > -0, b < +00.

Extending the classical argument of Zener, we show that our generalized relaxation
process allows the thermoelastic coupling to change a purely elastic solid into a particular
viscoelastic one. The new model is governed by an integro-differential stress-strain equation
which generalizes the well known differential equation of Zener (standard linear solid). The
relaxation function is no longer exponential in that it is represented by a Mittag-Leffler
function which decays faster for short times and slower for long times. The resulting function
of internal friction versus frequency is broader than Debye one, reducing to it when a = 1.

As far as the generalized diffusion process is concerned, we show that equation (2) governs
the propagation of stress waves in anelastic solids, which exhibit a power law creep. We
present the fundamental solution, the so called Green function, in a closed form by introducing
generalized Airy integrals.

P12-6
THE RELAXATION STRENGTH AND THE RELAXATION TIME IN ANELASTIC
MEASUREMENTS ON FOIL-SHAPED SAMPLES

H. Wipf!, R. Schmidt?, H. Trinkaus?

(1) Institut fiir Festkorperphysik. Technische Hochschule Darmstadt. W-6100 Darmstadt, Germany
(2) Institut fiir Festkorperforschung, Forschungszentrum Jilich, W-5170 Jiilich, Germany

The relaxation strength measured in anelastic bending experiments on foils or thin plates (length,
width > thickness) can substantially differ from the standard expression applicable in the case of rods.
The effect was theoretically and experimentally studied for a special sample geometry in the case of the
Gorsky relaxation [1,2). We present a more general classification of the torques and elastic boundary
conditions in the case of bending experiments on foil-shaped samples. Using this classification scheme,
we demonstrate how the relaxation strength depends on the geometry and the fixing of the sample. For
two limiting geometrical situations (length > width and length <« width), we present explicit
expressions for the relaxation strength of foil-shaped samples, valid for cubic crystal symmetry and
arbitrary crystal orientation. For Gorsky effect measurements, we derive also an expression for the
effective diffusion coefficient which defines the relaxation time.

) R. Bausch, H. Horner and H. Wagner. J. Phys. C: Solid State Phys. 8, 2559 (1975) and H.
Wagner. in Topics in Applied Physics. vol. 28, Hydrogen in Metals I. eds. G. Alefeld and J. Vélkl,
Springer-Verlag, Berlin 1973, p. 5

2] J. Tretkowski, J. Vlkl and G. alefeld. Z. Physik B 28, 259 (1977)
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A.F.Joffe Physico-Technical Institute Russian Academy of Sclences,
Politechnicheskaja 26, St.Petersburg, 194021, Russia

The breakaway model of amplitude—dependent intermal friction (ADIF) (1]
' . predicts the value of the ratio r of amplitude-dependent decrement to Young's
modulus defect (YMD) of the order of unity and can not explain the varlety of

available data on r.

The analysis of the experimental data in [2] lead to conclusion, that
friction theories rather then breakaway ones can elucidate the r behaviour for
different materials. It was assumed, that r value reflects the difference in
mechanisms, controlling the motion of dislocations in lattice.

On the basis of experimental study of reversible dislocation strain in
crystals, phenomenological ADIF model of unlocalized friction type, taking
into account dislocations overcoming simultaneously short- and long-range
obstacles was proposed. The interconnection between amplitude dependence of
ADIF and YMD and r value was obtained: r = 4n /(n+2), that gives 0 < r < 4
for different values of exponent n in amplitude dependence of decrement [3].
This range in 2 framework of unique model covers all r values, obtatned in (2]
for different mechanisms of dislocations motion. It has been shown that this
result 1s a coansequence of description [4] of microplastic strain as a power
law of applied stress. The experimental data avasilable for different
techniques and frequency ranges has been shown to correspond in many cases to
the proposed description and indicates its valldity.
1.A.V.Granato,K.Licke. J.Appl.Phys., 27, S83, (1956).
2.K.1shii. J.Phys.Soc.Jap., 52, 141, (1983).
3.S.B.Kustov. Thesis, Leningrad,1989.
4.N.N.Daviderkov. Zhurn.Techn.Fiz., 8, 483 (19138].
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INFLUENCE OF MAGNETIC FIELD ON INTERNAL FRICTION OF N

B. Augustyniak

Faculty of Applied Physics and Mathematics
Technical University of Gdarisk
80-952 Gdarisk, Poland

Amplitude dependence of internal friction due to magnetomechnical hysteresis in pure
Ni sample was tested using middle frequency torsional pendulum ( f = 80 Hz ) at room
temperature. Shear strain amplitude of vibration y was within the range from 0.1-10" up to
10-10*. The influence of DC magnetic field Hy, and AC magnetic field H, - synchronous
with applied shear stress strain, on the magnetomechanical damping have been studied to
confirm the validity of the Degauque’s model of magnetomechanical hysteresis. Amplitude
dependence and field dependence of magnetomechanical damping have been measured and
approximated by two phenomenological formuiae Q*(H v) and Q-1(H,,y) with only four
common parameters to be fitted, which are closely related to the microscopic parameters:
As - magnetostriction, o, - internal stress and to the macroscopic parameters: G - shear
modulus and B, - magnetic induction.

It was revealed that proposed formula fits very well the experimental resuits of the
magnetomechanical damping measurements in Ni sample.

P13-2
ULTRASONIC INVESTIGATION OF Nd3 Cuj.xZn,O4 MAGNETOELASTIC INTERACTION IN
THE ANTIFERROMAGNETIC AND PARAMAGNETIC STATE

M.Acquarone!, E. Bonetti2, M. D'Astuto?, M. Marangolo?, G. Calestani3, M.G. Francesconi3

o ) C.N.R. Dipartimento di Fisica, Universita’ di Parma, ltaly
(2) Dipaniimento di Fisica, Universita’ di Bologna, Consorzio INFM and GNSM-CNR, Bologna ,
Italy
(3) Istituto di Chimica Strutturistica, Universita’ di Parma, lialy

Ultrasonic attenuation and velocity measurements have been performed on pure and Zn-doped

r;ngz“C;‘uO4 over the temperature range 140-300 K with a pulse echo overlap technique operating at
z.

Polycrystalline specimens in form of cilindrical samples, prepared by solid state reaction were

employed. The Zn doping covers the range 0-5 %.

An anenuation peak and a change of slope in the longitudinal mode velocity trend, have been
observed on the pure compound near the reported Neel temperature (TN). The approach is similar
to the one of Melcher et al. in RbMnF3. The results indicate that the onset of a long range magnetic
order at TN affects the elastic modes.

The shift at lower temperatures of the attenuation peak observed in the Zn doped compounds, is
consistent with a shift of TN following substitution of Cu2+ by diamagnetic Zn, as observed in
other cuprates.
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MAGNETIC PERMEABILITY DISACCOMODATION IN Fe7; sCuyNb3Si;3 sBo ALLOY

W. Ciurzynska, J. Zbroszczyk

Institute of Physics, Technical University of Czestochowa, Armii Krajowej 19, 42-200
Czestochowa, Poland

Recently it was found [1,2] that addition Cu and Nb to Fe-Si-B amorphous alloys allows
to obtain very soft magnetic materials after their crystallization.
The aim of this paper is to study the influence of annealing on the magnetic

properties of Fe73.5Cu1Nb3Sil3.SB9 ribbons. The perpeabxlxty. its disaccommodation and

coercivity were measured for samples in as-quenched state and after annealing at 700 K,
820 K and 850 K in vacuum of 0.01 Pa.

It was stated that the initial magnetic permeability distinctly increases after
annealing at 820 and 850 K for 0.5 h and depend on the temperature of measurements.

The form of the A(1/yx) = ll:,gz-l/z.l = f(H) (l/;z1 and l/z2 are the reciprocai

susceptibilities at times tland tzafter demagnetization and H is the intensity of the

magnetizing field) curves showing marked maxima indicates that in the samples in as-
quenched state and annealed at 700 K the disaoccommodation process is primarily
associated with migrational relaxations in the 180  domain walls. After annealing the
samples at 820 and 850 K the intensity of disaccommodation drastically decreases.

The results of the isochronal measurements indicate that in the amorphous sample
occurs a wide band of MPD (200-400 K) with a maximum at Tp=390 K. This band is of

compound nature and two superimposing areas can be distinguished. Annealing the samples
at 700 K causes the decrease of the disaccommodation intensity. The annealing at 820
and 850 K causes the drop of the MPD intensity almost to zero. It seems that this
decrease of disaccommodation is connected with microstructure of these alloys and
averaging out the magnetocrystalline anisotropy.

1. Y.Yoshizawa, S.Oguma, K.Yamauchi, J.Appl.Phys. 64, 6044 (1988)
2. G.Herzer, IEEE Trans.Magn.2S, 3327 (1989)
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EVOLUTION OF MAGNETOMECHANICAL DAMPING AND MAGNETIC PROPERTIES OF
PURE IRON SILICONIZED UP TO 6.5 % BY CHEMICAL VAPOUR DEPOSITION

S. Crottier-Combe, J. Degauque, B. Viala, S. Audisio!, C. Beraud, B. Astie

INSA Dépt. Physique - Complexe Scientifique de RANGUEIL - 31077 TOULOUSE (Fr)
(1 INSA Lab. Physicochimie Industrielie - Batiment 401 - 69621 VILLEURBANNE (Fr)

Silicon steel is particularly suitable for transformers and motor cores, because it has
good soft magnetic properties. In particular with 6.5 % Si, this matenal has improved
performances because of the higher resistivity, lower magnetostriction and decreased magnetic
anisotropy resulting from an increased silicon content. However, above 3.5 % Si, a lowered
ductility makes conventional processing into textured strips extremely difficult. Another
possible method is the siliconization of iron by the chemical vapour deposition (C.V.D))
method.

In this investigation we will examine the magnetomechanical damping evolution
(measured at 0.7 Hz with torsional pendulum) of iron strips which have been siliconized at high
temperature between 05 and 6.5 % (weight). Results show a strong decrease of the
magnetomechanical hysteresis losses with the increase of silicon content, which is subsequent
to a lowering of the magnetic core losses measured at high frequencies (over 400 Hz). C.V.D.
strips are compared with conventional 3 % Si steel sheets : for 6 % Si content, the
magnetomechanical and magnetic core losses are less than half of that of non-oriented Si steel,
and nearly the same as that of grain-oriented Si steel.
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A MAGNETIC INTERNAL FRICTION PEAK IN RARE EARTH-IRON ALLOYS
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. . s of Technology, Shenvang. Chi
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The.coupl?ng hetyeen elastic and magnetic phenomena in ferromagnetic materials
gften Jrves rise to intemal friction. In the present experiment, Speciment of Rare
f'arfh ~lron atloys was sade to vibrate in (arsion under an alternating magnetic
dleld. A pronounced intemal frictjon peak was observed at 2-4 0e jn the gfie;;
.ependence of }he internal friction, The height of the peak was raised with the
antr;aae of wvibrating frgquency and also changed with the compositian The

iig ;:f p:ékdwas cbserved in the sample with the Rare Farth composition nf'a 017
wis, s kind of the peak did not appear under the s iti i o
o using e ond of i ame ronditions with exceptian

The phenomena above can be explai
‘ ' ‘ . xplained by the theory of reversibl
trreversible displacemen! of the domain boundary. proposed by T.S.Ke in l;’fe and

. . Jd.
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MAGNETO-ELASTIC EFFECTS IN Nd,CuO,

V.D.Fil'l, G.A. Zvyagina!, S.V. Zherlitsyn!, |.M. Vitebsky2, S.N. Barilo?, D.I. Zhigunov3

(1) B.Verkin Institute for Low Temperature Physics and Engineering of the Ukrainian
Academy of Sciences, 310164 Kharkov, Lenin’'s Avenue 47, Ukraine
(2) Institute for Single Crystals of the Ukrainian Acadenmy of Sciences,
310001 Kharkov Lenin’'s Av.60, Ukraine
(3) Institute of Physics of Solids and Semiconductors of the Belorussian
Academy of Sciences, 220726, Minsk, P.Brovki str. 17, Belorussia

According to modern representations, noncollinear orthogonal antiferromagnetic struc-
ture is realized below 30 K in Nd2Cu04 - the parent compound of high-Tc superconductors
with the electron type conductivity. This structure can transform into nonorthogonal non-
collinear or collinear antiferromagnetic configuration. The transition into the nonortho-
gonal noncollinear antiferromagnetic phase in terms of symmetry is intrinsic ferroelastic
one, which leads up to appearance of the orthorhombic Uxy deformation and results in sub-
stantial softening of the C66 elastic modulus. We observe such peculiarity (AC66/C66 = 5%)
in a temperature dependence of the modulus near T = 5 K, whereas anomalies of the Ci1 and
C44 elastic moduli are relatively weak. A phase transition between the nonorthogonal non-
collinear and collinear states is not ferroelastic one, however, it is possible to expect
significant jump like C66 alterations due to exchange magnetostriction renormalization of
this modulus. Such peculiarities are not observed at zero magnetic field, while field
dependences of (66 demonstrate them for field directed along the (ab) plane.

Using the data obtained, the low temperature parts of the phase H - T (H Il[lOQl. H il
(110)) diagrams hav§+been plotted. We have also studied an influence of slight, Ce ions
substitution for Nd° ions on the sound peculiarities character and view of the H - T dia-
grams. It has been discovered that Ce-doping results in significant decreasing of the ult-
rasonic anomalies and in suppressing of the some low temperature phase transitions.
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RESONANT SPIN-PHONON COUPLING IN MnZn-FERRITES

S. Ewen!, . Giesgen?, J. Panker3, F. Stellmach?
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(3) Philips Forschungslaboratorien Aachen GmbH, WeiBhausstrae 2, W-5100 Aachen, Germany

In spite of the relatively weak magnetostriction in MnZn-ferrites, the ultrasonic attenuation is pre-
dominantly determined by the coupling of phonons to the spin system. This coupling has been
investigated as a function of temperature, dc-bias field and frequency for various ceramic samples
of MnZn-ferrites. As a result it is shown that the attenuation is drastically reduced when the spin
system is frozen by a dc-magnetic field. Variation of temperature leads to a peak in the attenuation
which corresponds to the peak in the imaginary part of the susceptibility, as was confirmed by an
independent measurement. The results can be satisfactory interpreted in terms of a simple model.
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"GIANT" AE-EFFECT IN AMORPHOUS ALLOYS WiTH 1 Ht: PERPENDICULAR MAGNEIC
ANISOTROPY

N.P. Kobelev

Institute of Solid State Physics, Russian Academy of Sciences,
142432, Chernogolovka, Moscow district, Russia

The important peculiarity of the "giant" AE-effect observed in amor-
phous ferromagnetic ribbons with transverse magnetic anisotropy induced
by thermomagnetic or thermomechanical treatment is a strongly nonmonoto-
nous dependence vs magnetic field. We observed in amorphous ferromagne-
tic Fe-B-P alloys an analogous nonmonotonous AE-effect degendence resul-
ting from the heat treatment at the temperatures above 300 C, but without
magnetic field or mechanical stress. The analysis of the orientational
dependences of the AE-effect and dynamic magnetization curves leads us to
the conclusion that under heat treatment of amorphous Fe-B-P ribbons the
perpendicular (with easy axis being perpendicular to ribbon plane) magne-
tic anisotropy is induced. We suppose that the induced perpendicular mag-
netic anisotropy is caused due to change of the chemical composition of
the nearsurface layer under heat treatment. This thermally induced per-
pendicular anisotropy and attributed AE-effect are steady in time and re-
main usually unchanged after removing (by chemical or ionic etching) the
nearsurface layer. However, if the depth of the removed layer is greater
than certain value, the AE-effect and dynamic magnetization curve become
instable in time. They remain the same immediately after etching but then
relax with time to the state peculiar to the samples without induced ani-
sotropy. The characteristic time of this change is about some hours. The
previous state can be restored by repeated heat treatment or by additio-
nal etching, but in the latter case the AE-2ffect and magnetization curve

are again obtained unstable and relax in time. The possible causes of
such a behavior are discussed.
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EFFECT OF MAGNETIC FIELD ON THE VELOCITY OF SURFACE ACOUSTIC WAVES ON
THIN FILMS OF GIANT MAGNETOSTRICTIVE ALLOYS

V. Koeninger!, HH. Uchida?, Y. Matsumural, H. Uchida3, T.Kunno?, H. Kaneko4

(1)Lab. No.6, Kanagawa Academy of Science and Technology(KAST),
Sakado, Takatsu-ku, Kawasaki, Kanagawa 213, Japan
(2)Dept. of Resources & Environmental Science, Tokai University,
Kitakaname, Hiratsuka, Kanagawa 259-12 Japan
(3)Dept.of Applied Physics, Tokai University, Kitakaname, Hiratsuka, Kanagawa 259-12, Japan
(4)Society of Non-Traditional Technology(SNTT), Toranomon, Minato-ku, Tokyo 105, Japan

The wave velocity of a surface acoustic wave (SAW) on giant magnetostrictive (Tb,Dy)Fe,-thin films
was measured. This velocity depends on the mechanical constants of the material which can be changed
by magnetostriction under an applied magnetic field. The large magnetostrictions of the (Tb,Dy)Fe,
materials, which are 10 to 100 times larger than those of other magnetostrictive metals like Ni, can
therefore be used for SAW devic. ; such as delay lines, signal converters and -filters, which are then
tunable by external magnetic fields. Thin films of magnetostrictive materials were produced by sputtering
on piezoelectric LiNbO, substrates, equipped with SAW-exciting interdigital electrodes. The influence of
film preparation, film thickness and magnetic field was investigated.

P13-10
FIELD AND TEMPERATURE ANOMALIES OF THE ULTRASONIC ATTENUATION IN Ni AND
Co SINGLE CRYSTALS

V.F. Taborov, V.F. Tarasov
Institute for Metal Physics, Vernadsky st.36,252142 Kiev,Ukraine

It have been several different models proposed, explaining field and
temperature anomalies of the ultrasonic attenuation in Ni and Co single crystals {1,2,3]
Predictions of traditional theory is thought by some authors [2] inconsistent with
experiment. We analyzed published experimental data along with our own recent
measurements and came to the conclusion, that neither of the above mentioned models
is satisfying, but more objective insight on the nature of the phenomenon may be
achieved, taking into account reasonable propositions from [1.2,3] and some
factors, which influence upon the magnetoacoustic interaction. We proved, that
under realistic conditions theory [4] is capable to predict at lest qualitatively the
attenuation anomalies

1. VF Taborov,V F Tarasov,IEEE Trans Sonics Ultrason, 4.1 (1967)

2 P Feders,I Wu,J G Miller,D I Bolef Phys Rev Lett.,32,1443 (1974)

3. S B.Grigor'ev,L K Kudrjashova Akust. Zhurnal(Soviet),29,835 (1983)
4 P Feders, Phys.Rev B 9, 3835 (1974)
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INTERNAL FRICTION STUDY OF DOMAIN WALL MOTION IN METALLIC GLASS FeSiB

J1.X. Zhang!, S.Y. Wang! G.G. Swu?

(1) Department of Physics, Zhongshan University, Guangzhou 510275, P.R. China
(2) Department of Applied Science, City Polytechnic of Hong Kong, Hong Kong

The internal friction (IF)measurement is used 1o study the domain wall motion in metallic glass FeSiB. The
IF and modulus (f fo)? . samples undergoing a uniform magnetic ficld sweep is measured with a mini-inverted
vacuum torsion pendulum in the field range 0-8 Oc. The ficld sweeping increases the IF and the modulus defect
and the charactenstic quantity s the difference between the IF measured in the field sweeping and that in a
static field, which 1s called dynamic IF Q",_ The Q,'” shows a viscoelastic feature; it increases with increasing
(H'o) where H is the field sweep rate @ the angular frequency of the alternating strain. The static IF shows a
frequency dependence as Qs < o For FeSiB metallic glass 1=0.66 and m=0.6. The behavior of dynamic [F
shows that 1t is caused by the domatn wall motion in field sweeping and thus is related to a magnetomechanical
interaction. The coupling coefficient a of domain wall with oscillating force is also obtained as a{w)o@ and
1=0.19.

A magnetomechanical interact- n is proposed to explain the dynamic [F and static [F ,and the unique
behavior that dynamic IF iacreases with (H/w) and static IF increases with o™ . A phenomenological model is
proposed and a two-lerm parametrizaion cxpressions are used (o fit experimental results.
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INTERNAL-FRICTION "TENSOR* OF A COPPER MONOCRY STAL
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We applied ultrasonic-resonance spectroscopy to a copper monocrystal

to determine both the real and imaginary parts of the elastic stiffness

~

Cij = Cj; + ic,”,—. Resonance frequencies give the usual Voigt elastic
stiffnesses C;;. Frequencies involved are high kilohertz and low
megahertz. Resonance peak widths give the complementary internal-
friction components c}',-. We attribute the C:,- to dislocations, and
we interpret our results using a Koehler-Granato-Liicke vibrating-string
model. As expected, (1/3) (Cy; + 2Cy3)° is small. In (111)-glide-plane
coordinates, (1/3)(Cy + 2Cy; + 4C,)" equals approximately one-half
of (1/3)(Cyy =~ Cy2 + Cy). Thus, the out-of-plane vibrations are
significant, indicating significant «c¢limb or kink motion.
Surprisingly, in (110)-glide-plane coordinates, both shear modes (1/2)
(Cyy = Cy3)° and C, are similar and approximately equal to (1/3) (Cyy -

Cz + C&)°.
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AUSTENITIC-MARTENSITIC INTERFACES DAMPING MEASURE IN SHAPE MEMORY
ALLOYS. REALIZATION OF A CYCLIC TENSILE MACHINE

M.J. Bigeon!, M. Monn!
(1) GEMPPM, INSA bat 502, 69621 Villeurbanne Cedex, FRANCE

The aim of this paper is to present a system to measure the austenic - martensitic interfaces
friction during the martensitic transformation of a CuZnAl stress induced monovariant

A tensile machine, stress or strain controled, has been designed The applied strain varies like a
sine wave around a given mean value The strain is measured by means of an extensometer
fixed on the shape memory alloy sample. The load and strain signals are measured by the
electronic system of a forced oscillation pendulum = Thus, from these data acquisitions, the
energy dissipated during the martensitic transformation is calculated at each stress cycle. By
using this set up the internal friction is measured from the area of tensile stress strain loops,
with a cycling frequency of about 0,1 Hz.

The measures are carried out with a CuZnAl single crystal that is transformed under stress to a
martensitic monovanant from an austenitic one. )

During the transformation it is possible to count visually the austenitic - martensitic interfaces
number and then to calculate the interface area

From the damping ineasure and the interface area determination, the dissipated energy per
austenitic - martensitic interface area unit is deduced . So doing the evolution of the damping
can be monitored as the phase transformation proceeds.
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STRESS RELAXATION AND DAMPING BEHA VIOUR IN PRECIPITATION HARDENABLE
ALLOYS
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Institut fir Werkstottkunde und Werkstofftechnik der TU Clausthal, AgricolastraBe 6, D-3392 Clausthal-Zellerteld, Germany

in various precision mechanical decices like high resolution electrodynamic balances engeneering materials with low
stress relaxation strength (A) are needed especially for spring applications. In order to obtain small spring constants one has
to choose small dimensions requiring a high yield strength. Precipitation hardening is known to be effective for the increase
of yield strength even at higher temperatures. Unfortunately only little is known about the effect of precipitates on stress
relaxation and damping.

Therefore we measured the anelastic portion of the stress relaxation and the logarithmic decrement (8) of flexural
vibrations of copper-beryllium, nickel base and magnesium base precipitation hardenable alloys near room temperature. The
samples have been subjected to various thermomechanical treatments in order to change the dislocation density and the
degree of precipitation.

The time dependent stress has been determined using bending samples, which have been clamped on one sige,
with the aid of an elektrodynamic balance for strains 107>-107", times 3s-3000s and temperatures 20°C-40°C. 8 has been
measured at room temperature using free decaying flexural vibrations of the same single clamped specimens exited in
fundamental mode. The covered strain range was 1076-1073. The frequency ranged from 30 Hz to 300 Hz

Specimens in supersaturated solid sowsiion state deformed and undeformed have been heat treated isochronal (1h)
step by step raising the temperature from room temperature up to below melting temperature. After each heat treatment the
specimens have been quenched in cold water. A, 8 and hardness (HV) have been measured immediately after heat
treatment.

The effect of precipitates on the properties of internal friction is not uniform. During precipitation A changes
especially for longer relaxation times. In all specimens A recovers after thermal or mechanical treatment noticeabie
depending on the precipitation state and temperature over several days. The strength of recovery is, more than the relaxation
strength, depending on the precipitation state. The logarithmic decrement is superimposed by a thermal current effect
scaling with kequency and the square of samole thickness. The dependence of 8 on strain is similar to the one predicted
by the Granato-Lucke-theory.

P14-4
NEAR-PLANE-WAVE ULTRASONIC ABSORPTION AND PHASE VELOCITY IN THIN
SAMPLES OF ADHESIVE POLYMERS

R.E. Challis, J.D.H. White

Ultrasonics and Digita. Signal Processing Laboratory,
Keele University, Keele, Staffordshire,
STS S5BG, UK.

This paper presents a novel wide bandwidth pulse transmission
technique to measure ultrasonic absorption and phase velocity as
functions of frequency (1 to 50 MHz) in thin (50 um) samples of
adhesive set between float glass substrates. Thick PZT
transducers are excited by very short pulses (120 V x 2 ns) .and
transmit correspondingly short disturbances into the adhesive.
The signals received consist of time resolvable and successively
dispersed acoustic reverberations from the bond layer. They are
digitised at 1GHz and approximately corrected for the effects of
transducer insertion and transient radiation coupling between the
transducers. Frequency domain methods are applied to estimate
absorption coefficient, phase velocity and the real and imaginary
parts of the plane wave modulus as functions of frequenr;y.
Experimental results are given which show typical ac}he51ve
properties, and changes to these during cure and as functions Qf
service temperature. These experiments indicate that the acoustic
behaviour of a number of adhesives can be mogielled by a
relaxation process with a single time constant. A simple spring-
dashpot model for an anelastic solid provides a mechanistic
equivalent to the observed relaxation.
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NDE MECHANIC PROPERTY OF SOLID WITH LASER ULTRASONICS

Xiaorong Zhang
The Laboratory of modern Acoustic, Institute of Acoustics
Nanjing University, Nanjing 210008, China

Laser generating and receiving ultrasound or laser generating and capacitor trans-
ducer receiving ultrasound have potential for a wide range of non-contact ultrasonic
measurements and have therefore received considerable interest over the past decade.
The physical principles, and application to industry using nano-second (NS laser ul-
trasonics have been reviewed by Hutchins and Scruby. The nondestructive testing
(hereafter NDT) of microstructures, primarily layered structures such as combinations
of thin films ranging in thickness from 100 A to a few microns and distribution of elec-
tric charge in dielectric filin using pico-second (PS) laser ultrasonics has been described
by Maris et. al. , and Sessel. In this paper the possibility of NDE of ultrasonic property
of some special solid using laser ultrasonics technique is described. Firstly, a laser a-
coustic spectroscopy in our laboratory was introduced. Secondly, the depence of the
spectra of sources and the efficiencies on the properties and surface situation of materi-
als were given. Thirdly, The examples of NDE worked in our laboratory for some spe-
cial materials such as composites, polymer, small anisotropic crystal and nano-meter
materials using laser ultrasonic technique were present. Finally what research must do
in the future was discussed too.

P14-6
LOW COST VIBRATING REED MECHANICAL SPECTROMETER USING CAPACITIVE
CURRENT DETECTION

P. Devos! -2, R. De Batist!, J. Comelis2, A. Brebels?

A
‘“University of Antwerpen, RUCA, Institute of Materials Science (IMS),
Middelheimlaan 1, B-2020 Antwerpen, Belgium
(Z)VITO.(tﬁterials Division, Boeretang 200, B-2400 Mol, Belgium
CIT, Kleinhoefstraat &4, B-2400 Geel, Belgium

A new, low cost, vibrating reed mechanical spectrometer has been
developed. The set-up consists of a pulse train generation system for
capacitive excitation of the specimen in one of its flexural vibration
modes and of a capacitive current measuring and amplification circuit for
detection of the specimen oscillation. The resonance frequency and the
mechanical energy dissipation are derived by numerical analysis of the
measured freely decaying vibration. Multiple electrode operation allows
measurements of several flexural resonance modes with the same specimen.
A special feature of the proposed set-up is the use of off-the-shelf
equipment and easy-to-use software, resulting in fairly inexpensive
construction, yet allowing good precision. Performance will be
illustrated with one or two informative examples.
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A COMPARISON BETWEEN COMPUTER MODELING AND ACOUSTIC SCANNING OF THE
STRESS FIELD OF A DIAMETRALLY COMPRESSED DISC

E. Drescher-Krasicka, R.B. Clough

National Institute of Standards and Technology, Gaithersburg, MD, USA

It has been shown in our earlier work that by the lowering the lens in an acoustic
microscope, mode-converted, polarized waves can be observed. The amplitude of these
polarized modes depends on value of the acting stress, because the interface between a solid and
water acts like a wave polarization analyzer. By using the scanning capability of the
microscope, the stress intensity pattern can be displayed and compared with a computer-
generated stress-distribution. Comparison between the calculated sum and difference of the
principal stresses acting in the compressed disc and the acoustic images obtained by use of shear
and longitudinal modes will also be discussed. A simple model explaining observed similarities
is derived.

P14-8
A FEASIBILITY STUDY FOR NON-CONTACT ACOUSTIC IMAGING OF STRESS
DISTRIBUTION IN METALS

George A. Alers, Eva Drescher-Krasicka

National Institute of Standards and Technology, Gaithersburg, MD, USA

When polarized shear waves enter a stressed region of metal they experience birefringence
effect that depends on the values and the directions of the acting principal stresses in that
volume. By using an electromagnetic acoustic transducer (EMAT) to generate and detect
polarized shear waves that propagate through stressed and unstressed regions of metal plates,
we have demonstrated feasibility of displaying stress distributions in planar materials. The
electromagnetic transducer acts as an analyzer for the receiving differently polarized shear
acoustic waves from the stressed region. The monitored amplitude of that signal in acoustic
imaging depends on the direction of polarization of shear modes which align along the directions
of the principal stresses acting in the material. The outcome of this research can provide a non-
contact scanning, stress-imaging technique, directly applicable to metals and indirectly to other

materials.
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AMPLITUDE DOMAIN MECHANICAL SPECTROSCOPY. A POSSIBLE WAY TO A SYSTEMATIC

APPROACH
D. Gelli. E Olzi

C.N.R.-LT.M., Via Bassini 15, 20133 Milano, Italy

While mechanical spectroscopy analysis has been mostly carried out in the frequency (or
temperature) domain, the amplitude domain has been, till now, far less considered.

The possible reasons for the above, will be summarized and the outstanding poteatialities of
the Amplitude Domain Mechanical Spectroscopy (ADMS), as an investigation tool in Materials
Science and Engineering, briefly outlined. The question will be examined with regard, not only
to pure and “simple" laboratory specimens but having in mind the complex microstructure of the
ordinary technical materials too.

Concerned mainly with elastic and dissipative phenomena, the ADMS should clearly be
related to the shape of the curves expressing the amplitude dependence of elastic modulus and
internal friction; namely, the peeks of the ADMS-spectra should be relevant to corresponding
singularities or peculiarities in the so called Amplitude Dependence Curves (ADC's). A method
for analysing such ADC ‘s will thus be reported and examples of Damping Spectra vs Amplitude
will be given (as obtained from experimental ADC's).

The generalized qualitative model representing the basis for the above processing method will
be resumed and an attempt to justify it, in terms of microstructure elements and properties, will
be made. An attempt will be made to indicate problems, in the field of the analytical treatment of
"nonlinear phenomena”, who's resolution seems to be a priority to attaining a fully
quantitative model.

P14-10

INTERNAL FRICTION AND FREQUENCY MEASUREMENT SYSTEM BY VELOCITY METHOD

H. Tejimal, O. Guerrinit, J.A.R. Jorddo!, C.R. Grandini2, B.R. Fischer3, A. Mizukami4

(1) Depto. de Fisica, UFScar, Sao Carlos, SP, Brazil.

(2)- Depto. de Fisica, UNESP, Bauru, SP, Brazil.

(3)- Depto. de Computaciio e Estatistica, UNESP, Rio Claro, SP, Brazil.
(4)- Depto. deFisica Experimental, USP, Sao Pavlo, SP, Brazil.

The internal friction and frequen Mmessurement system was made and ed to a conventional
gl mminplemened

instead of the traditional and cumbersome amplitude decay method. Time intervals measurements (for
velocity measurements) spent by a He-Ne laser spot to sweep a distance between two phototransistors
mounted suitably in one screen were taken. The linear and logic ICs were coupled totrigger noumu
of microcomputer which works as s CPU cycle counter edin Assembly. The countiag is in
RAM type memory and saved in the floppy disk. This method bas advantages foc later sutomation of the
system foc iaternal friction less than 104, with low rate temperature change. The frequency messuregient
is done by period measurements whit addition of an extra logic circuit. The resuits of frequeacy as a
fuaction of temperature is important to identify Debye peaks in the former measurements. The details are
described with aid circuit and ablock diagram. The torsion pendulum can operate in temy from 77
to 700 K and frequencies between 0.1 and 10 Hz. (Financiat support: CNPq and FUND ).
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DETERMINATION OF ULTRASONIC ATTENUATION IN SMALL SAMPLES OF SOLID
MATERIAL BY SCANNING ACOUSTIC MICROSCOPY WITH PHASE CONTRAST

K. Hilimann!, J. Bereiter-Hahn!, W. Gnll2

: (1) Physikalisches Institut, Johann Wolfgang Goethe-Universitat
( Robert-Mayer-Str. 2-4, D-W6000 Frankfurt am Main 11, Federal Republic of Germany
' (2) Arbeitskreis fiir kinematische Zellforschung, Zoologisches Institut,

Johann Wolfgang Goethe-Universitit, D-W6000 Frankfurt am Main 11, Federal Republic of Germany

The attenuation of solid material or droplets of viscous liquids depositioned on planar substrates is
measured in the frequency regime of 300 MHz to 1.2 GHz by scanning acoustic microscopy with phase
contrast. The observed spatial variations of the phases and amplitudes of the ultrasonic waves reflected
from the objects contain sufficient information to determine the attenuation and velocity of ultrasonic
waves in acoustically isotropic samples of minimal thickness of about 1 um and lateral extension down to
10 um. Additionally the spatial variation of the thickness of the objects can be determined with a
resolution of about 1 nm. The basic principles are discussed and an approximative treatment is presented
together with typical results.

P14-12
AN APPROACH TO HIGHER DAMPING CAPACITY: A COMPARISON OF MATERIAL
DAMPING WITH COMPUTER-CONTROLLED DAMPING

Hisashi Kawabe and Kazunobu Yoshida

Department of Mechanical Engineering, Faculty of Engineering
Hiroshima Institute of Technology
Itsukaichi, Hiroshima 731-51, Japan

An approach to higher damping by positively utilizing computer-aided con-
trol techniques has been investigated from comparisons of the relative magnitudes
of the active(computer-controlled) damping and the material damping one.

The computer-controlled damping system is constructed with Brass plate ( 3x35x
300am®) as vibration-controlled objectives and a feedback controller to supply the
dissipation energy to the Brass beam. The control system consists of a straing
auge type vibration sensor, an electro-magnetic type actuator concretely generat-
ing the vibration damping force, and a PC9801 type micro-computer. As the control
law giving rise to the damping force, an adaptive model-following control scheme is
employed, while the ferro-magnetic type high damping metal SIA is adopted for the
reference.

The active damping effect increases the damping capacity of the beaa vibra-
tion system from & 0=0.012(logaritheric decrement value in free vibration) to &§c=
0.3248(total damping), and the value of 8. amounts to about 2.24 times the maximum
daoping Q" 'e=0.023 observed in SIA.
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MEASURING APPLICATIONS OF THE SCANNING ACOUSTIC MICROSCOPE (SAM)

A. Kulik, G. Gremaud, P. Richard

Ecole Polytechnique Fédérale de Lausanne,
Institut de Génie Atomique,
CH-1015 LAUSANNE, SWITZERLAND

Most of Internal Friction and Ultrasonic Velocity and Attenuation
measurements are performed using bulk samples. Results are spatially
averaged and obtained using one mode of vibration or propagation at a
time.

Scannig Acoustic Microscopy allows one to make similar measurements
locally. One of the applications is to measure separately elastic properties
of the constituants of the composite materials. SAM may be also used to
study the properties of thin layers. In layered media several modes of the
Surface Acoustic Waves can be generated and their dispersion can be
measured. Using the numerical inversion procedure, physical properties
of the thin films are obtained [1].

Advantages and limitation of the technique will be discussed.

[1] Thin film characterisation using generalized Lamb wave and harmonic
generation, P. Richard et al. - this conference.

Pi4-14
DIFFERENT ULTRASONIC ATTENUATION IN WELDS WITH NICKEL FILLING DETECTED BY
SLAM

V. Luprano, G.Montagna

C.N.R.S.M. - Centre Nazionale di Ricerca e Sviluppo Materiali
$.S. 7 per Mesagne - 72100 Brindisi - ITALY

Electron beam welds with different contents of nickel like filling materials were observed by
SLAM. The SLAM (Scanning Laser Acoustic Microscope) system uses the propagation of
continuous plane ultrasonic waves at the frequencies of 10. 30 or 100 MHz to detect change
in the structure, defects or different phases inside the sample. A scanning laser beam is used
as an ultrasound detector by means of sensing the displacements (rippling) of the surface
created by the ultrasonic waves. In this way it is possible to display in real time an acoustic
pattern that corresponds to the sample surface displacement, carrying information about the
material properties along the whole sample thickness.

Acoustic images of welds with 0, 100 pum and 180 pum of Nickel filling in Fe460 metal base
were analysed. A different scattering by grains would be the cause of the different uitrasonic
attenuation along the welds. In fact SAM (Scanning Acoustic Microscopy), using Rayleigh
waves (1300 MHz). and optical images have shown a different surface structure and
morphology in the welds. Calculations of Rayleigh scattering and stochastic scattering
confirm this hypothesis.

Therefore microindentation measurements and ultrasonic attenuation result to follow the same
profile along different weld lines.

In conclusion it is possible to investigate structural changes and mechanical properties
nondestructively by SLAM.
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MEASUREMENT OF STRESS RELAXATION STRENGTH IN ENGINEERING MATERIALS FOR
HIGH PRECISION MECHANICAL APPLICATIONS

W. Riechemann!, P. Fleisher? and V. Mariens?

(1) Institut Kir Werkstoffkunde und Werkstotitechnik der TU Clausthal,
AgricolastraBe 6, D-3392 Clausthai-Zellerfeld, Germany
(2) Sartorius AG, Weender LandstraBe 94- 108, D-3400 Gattingen, Germany

Mechanical relaxation of engineering materials in high resolution mechanical devices can be a serious problem. in
elecrodynamic balances eg. it leads 1o a time dependent drift of the electric current through a coil compensating the weight
by a magnetic force. Without time dependent comrection of this signal the reading of the balance, which is proportional to
this current, is also changing with time. This behaviour can be avoided by the use of materials with very low relaxation
strength for certain elements in the balance.

The problem of measuring relative relaxation strength in the order of 10 - 107 has been solved itself by using an
electrodynamic balance with a resolution of 10°° (1 mg res., 2 kg max.). It has been modified in order to ioad the free side
of a bending sample clamped on one side by lifting or sinking the scale of the balance which is connected to the free side
of the sample by a weight fully supported by the scale and the sample. After loading the sampile its relaxing swess can be
calculated using the time dependent reading of the balance. This measuring technique is well suited to the problem because
the measuring conditions like stress level, stress resolution, range of measwring time, and mode of relaxation are the same
as the relaxation conditions in the balance. The balance reading is used to calcutate the anelastic part of the stress relaxation
ot the sample in the measured range of time beginning att = 3 s.

P14-16
PIEZOLETRIC METHOD OF DETERMINING FLEXURAL DAMPING AT FREQUENCIES OF 0.5
TO 10kHz

S.D. Devinef, W.H. Robinson?

(1) The Foundation for Research, Science and Technology, Wellington
(2)New Zealand Institute for Industrial Research and Development,
PO Box 31-310, Lower Hutt, New Zealand

The use of a quartz resonant piczoelectric oscillator is an established method of generating longitudinal and
torsional strain waves at frequencies in the region of 30 to 180 kHz. This technique is used for measuring internal
friction, piezoelectric defects and strain effects in solids.

This paper presents a composite oscillator system vibrating in the flexural mode with the piezoelectric
element producing strain waves in the range of 0.5 to 10 kHz. The oscillating strain varies from extension to
compression across the crystal thickness.

By using different plating on the faces, two conventional 40 kHz longitudinal piezoelectric crystals can be
operated at 2.7kHz in the flexural mode as part of a two-component drive/gauge unit. The system can then be
extended to contain a sample element. However, the resonant wave-form is not a simple sinusoid, thus the
extension of a two-component composite oscillator to three or more components requires some care and
experimerital verification,

The development of the electrical-mechanical equivalent circuit for the flexural system was derived from
the flexural vibration theory originally developed by Raleigh. The resulting circuit for the flexural system was
lested experimentally for two-, three-, and four-component oscillators.

The results indicate that the method is of general applicability and offers a useful tool in the armoury of the
researcher using acoustic techniques to study material properties and/or produce an oscillating strain or
displacement in a controlled manner at frequencies of 0.5 to 10 kHz.
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NONLINEAR SPATIAL FREE DAMPING VIBRATIONS OF SUSPENSION COMBINED SY STEMS

Yu.A. Rossikhin, M.V. Shitikova
Department of Theoretical Mechanics, Voronezh Civil Engineering
Institute, ul. 20-letija Oktjabrja 84, Voronezh 394006, Russia

Pree vibrations of a suspension combined system may produce intensive
energy exchange between two partial systems, for example, between vertiocal
and torsional modes, with the result that the maximum (minimum) amplitude
of one mode is accompanied by the minimum (maximum) amplitude of the other
mode. Such an energy transform is observed at a one-to-one or two-to-one
internal resonance, when the natural frequency of the vertical vibrations
approximately equal or twice as large as that of the torsional vibrations.
When investigating this phenomenon, a low damping capacity of suspension
combined systems should be taken into account. This circumstance cannot be
ignored in the design of suspension and cahle-stayed bridges.

In this paper, the influence of a small viscosity upon the behavior of
vibration motions in a suspension combined system is analyzed for one-to-
one and two-to-one internal resonance, in so doing the energy dissipation
of such a system is defined by an exponential dependence. A set of govern-
ing equations describing nonlinear free damping vibrations is obtained.
The method of multiple scales is used as a method of solution. Results of
the numerical investigations on free damping vibrations of Golden Gate
Bridge under internal resonance conditions are presented.
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LOCALIZED POLYMERS CURING WITH CO; LASER AND APPLICATION: DEMAND -
CURING AND 3D - LITHOGRAPHY

M.L. Barros!, M.AF. Scarparo!, E. Gerck?

(1) Universidade Estadual de Campinas -
Instituto de Pisica - D.E.Q./Faculdade de Eng. Mec8&nica - D.E.F.
(2) Lasertech S/A
Campinas -~ SP - Brasil.

We report on new technique for localized polymer curing with

0,1 mm resolution in all 3D-axis, using €02 laser. The e
technique was developed from a theoretical model that explains

the complex phenomena of thermal pulse propagation after laser
irradiation, and how to control the expansion of 1laser
deposited heat. The paper discusses both theoretical and
experimental results, demand-curing for lacalized glueing and
3D-lithography, for rapid prototyping of parts for the
industry.




P14-19
A SUGGESTION ON THE FIFTH GENERATION OF KE'S PENDULUM

Z2.Q. Sun, D.Q. Yan

Institute of Metal Research,Acadesia Sinica,Shenyang,110015,China
Institute of Solid State Physics,Academia Sinica,Hefei 230031,China

The process of developsment of the torsion pendulum,from the Coulomb’s torsion scale to the
sodern multi-function Ke's pendulum made in China, was analysed.It seems to us that there are
still a series of shortcomings, for instance,low speed of measurement,narrow frequency range,
high background damping, inhomogeneous strain etc., and only equipsent paraseters of internal
friction can be obtained directly.There is no standard of the measurement of internal friction
and it is difficulty to built a precise data base of saterial paraseters for internal friction
even use the best torsion penduluw.In addition,the anelasticity associated with the dislocation
and boundary were found to be of the non-steady, non-Debye and non-linear peculiarities.
Therefore, both the internal friction peak and the background are of equal importance. An
absolute measuresent of the msaterial parameters of the internal friction is appreciated.

A computer simulation showed that by using state-of-the-art of IC. and the high speed CPU,
the accuracy, upper limit of frequencies and speed of measurement of non-linear or non-steady
internal friction parameter of materials could be isproved substantially either for force
vibration or for the free decay methods. For the fifth generation of Ke's equipsent, entirely
single freedom oscillation, homogeneous strain, to be able to anneal or bias in situ, wide
frequency range, high speed and high accuracy of measurement would be essential.A few possible
schemes are proposed, in which either non-resonant quartz under static press stress or a
longitudinal pendulum fixed at two ends would be used with the high speed data accquisition
card such as ADA3100 and an accelerator card,INMOS transputer T900 or better,INTEL A860,on IBM
PC microcomputer systenm.

The best place for the low frequency sound adsorption spectrum laboratory would be on the
reduced gravity environment of space. This would be a new task for the remote science. An
international cooperation is worthwhile.

Pi4-20
SCANNING ACOUSTIC IMAGING OF RESIDUAL STRESSES IN CERAMICS

Bernhard R. Tittman!, Eva Drescher-KrasickaZ,

Pennsylvania State University, ESMD University Park, PA 16802, USA
National Institnte of Standards and Technology, Gaithersburg,MD, USA

This paper presents the application of a scanning acoustic microscopy t_echniqug for the
detection and evaluation of the internal residual stresses around the indentation from
microhardness test. It is based upon the sensitivity of polarized acoustic modes to the _local
elastic anisotropy caused by stress. The analogy between photoelastic and gcoustic techm.ques
are discussed, and the quantitative stress analysis is presented. The studies of transmitted,
reflected and received pulses monitored in low frequency experiments explains the stress pattern
seen at high frequencies.

This is a practical application of a previously proposed method of imaging stresses by
scanning acoustic microscopy. The two cases discussed are: the low frequeqcy .(10 M_Hz)
acoustic imaging of the distribution of the internal stresses around an indentation in a silicon
carbide sample (9mm thick), and more complex high frequency (200-800 MHz) stress
visualization of a Vicker's indentation test in a silicon nitrite sample (2mm thick). In both
cases, the maximum shear elastic stress surrounding the indentations are imaged using polarized
acoustic modes and the values of the stresses are calculated based on the imags evaluation of the
shear stress cone diameter.
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ANELASTIC PROPERTIES OF RESONANT TRANSDUCERS FOR CRYOGENIC
GRAVITATIONAL WAVE ANTENNAS

E. Majorana23, P. Rapagnani' 2 , F. Ricci! 2, P. Tncanco! 2

(1) Dipartimento di Fisica, Universita “La Sapienza”
(2) INFN, Sez. di Roma 1
(3) Dipartimento di Fisica, Universita di Catania

Low anclastic losses are essential in order to obtain a good sensitivity of resonant cryogenic
gravitational wave antennas. In the most common transduction scheme, the energy left in the an-
tenna by the gravitational wave is transferred to a small mass having the same resonant frequency.
In this way, it 15 possible to convert the mechanical excitation in an electrical signal with higher
efficiency. The small resonator coupled to the large detection mass should have anelastic charac-
teristics as good as those of the antenna, in order not to degrade the sensitivity of the apparatus.
Results of auclastic relaxation measurements performed on resonators of Al 5056, Ti grade 2 and
Steel NiCrMaod ar a frequeney of 1 kHz from room temperature down to 1.5 K will be presented.

P14-22

ANELASTIC AND ELASTIC PROPERTIES OF A SYNTHETIC MONOCRYSTAL OF BISMUTH

GERMANATE (Bi4Ge302)
E. Majorana23, P. Rapagnani .2, F. Riccil2, P, Tricanico!-*

(1) Dipartimento di Fisica, Universita “La Sapienza”
(2) INFN, Sez. di Roma 1
{3) Dipartimento di Fisica, Universita di Catania

We have investigated the elastic and anelastic properties of a synthetic Bismuth Germanate

monocrystal with the perspective to use it as a building material for antennas and transducers for
gravitational wave detection. The elastic and anelastic response of a small rod (20 cm length, 2
¢m diameter) excited by piezoclectric ceramics glued on its surface has been observed from 300 K
to 10 K, at frequencies of 10. 30 and 50 kHz, corresponding to the first, third and fifth longitudinal
harmonic respectively. Ve have obtained the behaviour of the Young Modulus, of the Poisson
Ratio and of the anelastic relaxations as a function of temperature.
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A NEW APPARATUS FOR LOW FREQUENCY MECHANICAL SPECTROSCOPIC
MEASUREMENTS

J. Woirgard

Laboratoire de métallurgie Physique
U.R.AA. CNRS n°131
POITIERS France

A new apparatus has been developped for complex shear
modulus measurements in the 0.001 -1000 Hz frequency range.

Specimens in the form of flat bars are electrostatically driven by
two electrodes which also serve to obtain the displacement by a capacitive
method.

Due to the special form of the specimens, a pure torsional mode
is excited and a low extra damping level observed.

That new apparatus thus appears as an over-simplified torsion
pendulum with improved performances, well suited for tests on small samples of
britle materials. Insulating materials can also be tested after metai deposition on
a “on strained part of the specimen.

That new intema friction measurement method has been
successfully used in *flux pinning® experiments in high Tc YBaCuO specimens.
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